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BUILDING A MUSEUM TO HUMAN 
SPECIFICATIONS 


By Dr. F. C. BROWN 


MS O} PEACE 


Back as far as 1916 there was recog ness OF movement that 
d such a thing as museum fatigue. when they pass the porta 
B. I Gilman! discussed this subject at museum fag would be impossibl and 
some length. He showed a number of more of us could enjoy the good things 
res in which the visitor was un that now so few of 
necessarily fatigued because things to be In The Century, ot 
seen were displayed in a wrong manner. HH. Cooke* discusses the subject 
lhe pictures showed the visitor in all ture and Fatigue. eing some reflections 
positions, from standing stretched out- on museums.’’ » says, ** Whenever 
ght on top of a chair to resting with exhibit things that for wisdom 01 
knees on the floor. beauty, there, I take it, is a museum. It 
In the same vear The Literary Digest should really be a temple of the mus 
had an article on treating museum fag but to most of us it is merely an exte) 
In quoting the New York Sun, *‘The sive store house where we g 
Truth is, very few of us know how to He would provide plenty of 
ea museum,’’ and it thinks that there ‘*What we most need 
should be schools in which we might sional ruthless direct 
learn. ‘‘A well known art critic once strength of mind and skil 
said that fifteen minutes was as long as all inferior or extraneor 
any normally constituted intelligence box it, burn it or give 
could react on the stimulus furnished by in fulfilling this function 
i picture.’’ ‘‘Perhaps it would be well spiration for future endeavors, that o 
to begin the reformatory work with a museums are apt to fail.’’ ‘‘We sufi 
certain degree of violence. Might not from the mania of collecting things.’ 
each visitor unable to produce ereden It is obvious. therefore. that museun 
tials certifying to his capacity to visit fatigue is a real and a fictitio 
nstitution, prudently be chained in thing The Sun has rather expresse 
of one of the exhibits? Thus he the viewpoint that perhaps folks should 
| be compelled to give attention to be made over, but I am inclined d 
treasures brought together for his tinetly to the view of Cooke, that tl 
ition, and restrained from the mad- ™useum should be built to human spec 


. fication. One museum which can b 
SCIENTIFIC MONTHLY, Volume II, pag: 


January, 1916. 
Literary Digest, 52-1151, 1916. The Century, Jar 26, 11 1 


built to human specification IS an indus 
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trial museum. Such an instit 
collect and conserve the reeord 
industrial accomplishment an 
same time present these reco 
manner to stimulate and edue 
the layman or the expert 








If a museum is to be built 
public, the problem IS, TO a GO) 
extent, one for the practical psy 
to solve. Granting that the 


purpose of the museum is es 


VISITOR INSPECTING A CROSS-SECTION OF THE 

ACTION OF A PLAYER PIANO REGISTERING THE IN- 

TENSITY OF THE HAMMER BLOW BY DEPRESSION 

OF THE KEY AT THE RIGHT AND AT THE SAME 

TIME PRODUCING THE SAME BLOW BY MEANS OF 
THE PNEUMATIC CONTROL AT THE LEFT 





LISTENING TO THE MUSIC PRODUCED BY 
OF AN EARLY PHONOGRAPH WHI 
THE HAND 


educational, we have the same pro! 
that confront an educator who is 
ducting his work without the 
suasion of grades, prizes, diplon 
the like. 
The first problem, then, of the mus 
is to gain and maintain its aud 
This means that the visitor sh 
INSPECTING THE INSIDE OF A RIFLE BARREL interested to such an extent that 
THROUGH THE MINIATURE PERISCOPE. THE VISI desire to return and that he will t 
TOR OPERATES THIS EXHIBIT BY PRESSING THF friends of the profit he has receiv: 
PUSH BUTTON WITH HIS LEFT HAND AND EX 
\MINES THE DIFFERENT SECTIONS OF THE INSIDE 
OF THE BARREL BY TURNING THE craANK witn After his visit he should not be co! 


a minimum expenditure of 


HIS RIGHT of severe fatigue to any greater 
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than after a good game of g 


golf, and he 
should carry away an inspiration and 
wonder that will strongly impel him to 
seek further information through means 
which, in many cases, may be suggested 


by his visit to the muse im 





There are first the purely physical 


considerations. The temperature and 
humidity should he as avre eable as pos 





sible, and the air and objects should have 
a minimum of dust and dirt 


MEASURING IN 1/100,000THS OF AN INCH, BY 
MEANS OF BANDS OF LIGHT WAVES, THE DEFLE( 
TION OF A STEEL RAIL CAUSED BY THE SLIGHT 
PRESSURE OF A FINGER ON THE TOP OF THE RAIL 





VISITOR INSPECTING RECORDING 


APPARATUS WITH THE CHAI VING THE INTEN 
SITIES OF THE DAYLIGH 
THE DAY AND COMPARING 


WIT rHAT FROM A 





AT THI 


and packages should be deposited when 
entering. Much of the walk way sur 
face should be easy on the feet and dur 
ing the entourage of the museum the 
visitor should have exercised as many 
different muscles as he would in his 
**daily dozen.’’ Chairs and stools should 
be thoughtfully interspersed throughout 





the exhibits and provision should be 
OMFORTABLE POSITION OF THE VISITOR . ony : q ; 
HE VIEWS THE ALPHA RAYS GIVEN orr sy ade for accessible dining and lunching 


E RADIO-ACTIVE ELEMENT POLONIUM as would enable the hungry visitor to 
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lengthen his visit and encourage him to 
make frequent trips to the museum. 

The Museums of the Peaceful Arts is 
conducting a demonstration museum, 
essentially for invited visitors, in whieh 
it is studying the problem preparatory 
to the establishment of a great industrial 
museum in the City of New York. With 
reference to museum fatigue, it has been 
found that no visitor, even after many 
hours “ys expressed himself as being 

«av. We may, therefore, call atten 
tion to some of the exhibits which seem 
to the author to be the basis of absence 
of fatigue. 

One of the first exhibits which the 
visitor sees is from the Research Labo 
ratories of the American Piano Com 
pany. He presses one button and hears 
sketches of music on a player piano 
Pressure gages show him the variation 
of air pressure that produces the varying 
intensity in the music. When his inter 
est is satisfied on this point he presses 
the button again, and the musie stops. 
When all the sketches have been played, 
the musi¢ rewinds itself. Before him is 


a cross section showing how the action 














BY PRESSING THE PUSH BUTTON AT THE LEFT 
THE VISITOR SEES THE LIGHT BANDS OF INTERFEPF 
ENCE WHICH MOVE ACROSS A SCALE WHEN THE 
KNOB AT THE RIGHT IS TURNED, THUS SHOWING 
HOW ACCURATE MEASUREMENTS ARE MADE 








VISITOR LOOKING THROUGH AN ORK 


HOFER TELESCOPI 





in the piano is carried out. Hy 


piano key and can see the purp 
various parts. There is a poin 


Te 


registers the intensity with whic! 


the piano key, and if he is a mu 
ean check his own consistence) 

by pressing the button. before 
he ean see how the piano acti 
ried out by controlled air pres 
he can set the mechanism on a 
have the air pressure produc 
sired intensity, which. to his 


l 


repeats more accurately than lh: 


to do by striking the piano key 
Near by is a model of the 


trola, upon which the visitor can | 
tul 


produce music so long as he 
erank, and he sees there how t 


nor prevents an excess speed of 1 


table when the erank is turned 


Following this, he can see and « 


the later models of the Victrola 
A few steps away is encase 


a gun barrel camera, designed an 


by the Bureau of Standards. 

ing over and pressing a button 
left hand, the visitor sees the ri 
the erosion of an army rif 
With his right hand he turns 
which connects inside the case a 


S 


) 
) 


S 


S 


he 


; 


By 
W 
fl 


Pe 


na 
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barrel to different positions, so 
ean see any part of the inside 
‘learly as if he were to examine 
el when it is sawed open 

isitor then turns his eves to a 
of an eighty-pound steel rail, 
thout bothering to read labels, he 
a button before him and a mer 


ry vapor light gives its ghastly hue. 


Bevond this steel rail he observes New- 


ton’s rings produced between two optieal 
vlass surfaces, and then, noting the pie 
tyres and the label before him, he finds 
he will look into an eve-plece on 
e steel rail, he will there see the light 
nterference fringes, and quite to his 
msternation, he presses with consider 
ile force on the steel rail and finds that 
in bend the rail by seven or eight 
ve-leneths of light. And like the 
an who stood in front of the giraffe, 
s inclined to say, ‘‘There ain’t no 
animal.’’ But what he usually says 
s either, ‘‘I didn’t know that I eould 
nd a steel rail’’ or ‘*‘I didn’t know 
at vou could measure such = small 
anges by any method.’’ Even the 
technical student who is familiar with 
nterference rings can study their ap 
lication to research and industry. 
Thus it is to be noted that the visitor. 


vhile on his feet, is in various attitudes 


SITOR IS FASCINATED AT HE DIFFEREN 
SIONS AN OBJECT TAKES ON UNDER DIF 
LIGHTING CONDITIONS PRODUCED BY THI 
REE-WAY SWITCH AT THE RIGHT 
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and pos Tions, 
those in a game 
that he is tired 
telephone booth 
dium Exhibit.’’ 
on this booth. he 
seat himself insid 
rays from radium st 
sulphide screen, and 
press two small KeVS 
keys, and bring eith« 
paper or an extre! 
in the path of the 
and finds that t 
completely 
further. that 
number of 
through it 

The visitor 
Reeorder, a Jom 
Northrup Compa: 
search Laborator 
cross-ruled paper 
of the sunshine on 
building, and on 
record of the | 
Iie sees that 
alternately makes the 


variation on the root 


THE SCIENTIFIC MONTHLY 





He presses the button and ine: 
light intensity on the Case phot 
cell in the room, and with his rie 
changes the resistance in a rhe 
as to bring this light intensity 
desired value. 





He then may go over to an old 
hofer telescope which Fraunhot 
just a few years after he had dis 
the lines in the solar spectrum 
1818). The visitor not only obse? 
remarkable machine work on th« 
ment. but he looks through an 
in the window to a _ neighbori: 


nt 


rectio 
‘oOmes 

similar 

Departi 

Works 

At o1 

CLOSE EXAMINATION OF SMALL ARTICLES FOR r key sus 
THE PURPOSE OF THOROUGH STUDY IS AFFORDED : 
re 4 kite 


rHE NTERESTED VISITOR ail . 
There rT 


ind a 
experin 
‘louds. ’ 


nd to) 





EXAMINING THE MOVEMENTS OF THI 
ELI WHITNEY MILLING MACHIN 


scraper. As a layman, he may b 


prised to find the object which lh: 


upside down 

The visitor now may go to an 
showing the relationship between 
gage with divisions one ten-thous 
of an inch apart to light interf 
fringes. Using his left hand and | 
into the interferometer, he _ sees 
fringes. With his left hand he 
the dial gage and counts the : 


BY MEANS OF THIS AUTOMATIC SCREW MACHIN® . » nr 
eles “nies ' of fringes that pass by. Thus 
THE VISITOR IS ABLE TO STUDY OUT THE CoM ' 
PLETE PROCESSES OF MANUFACTURE CARRIED OUT 


IN THE LARGER MACHINE of the wave-length of light. 


tains for himself an accurate kno 
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r away is a simple strobosecope, 

e visitor presses a button and 
-e the blades of an electric fan 
tly go forward, backward or 
still, at will. Thus he gains in- 
on to explain why the wheels of 
mobile, as seen at the ‘‘movie,’’ 
ies seem to be revolving back- 
while the machine is obviously 
forward. 

s possible to make many studies of 
lumination by what some have called 
the ‘‘eafeteria’’ method. The visitor 
may wiggle a button in different posi 
tions and find that the plaster cast looks 
entirely different, depending upon the 
direction from which the illumination 
comes. This is merely one of many 
similar exhibits from the Engineering 
Department of the National Lamp 
Works. 

At one end of the museum is an old 
key suspended by a string leading up to 
a kite in a make-believe clouded sky. 
There is a picture of Benjamin Franklin 
and a framed statement telling of his 
experiment ‘‘drawing lightning from the 
clouds.”’ The visitor is led to wonder 
and to read; bringing his hand near the 


SITOR IS ENABLED TO TYPEWRITE SHORT 
ES TO FRIENDS IN OTHER CITIES ON ONE 
THE ORIGINAL HALL TYPEWRITERS 
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STUDENT 


key, he receives a spark of lightning 
His imagination comes into play 
matically 

A somewhat different character 
hibit is Eli W hitney ’s old 
chine, which is belie 
in the world 
visitor can put h 
places and gain info 


this machine once worked 


turn the erank on the mode 


automatic screv 
Brown & Sharp 
Unless he is fami 
this is likely to 
into play as well 

Quite another typ: 
model of the worl 
distribution stat 
Street Station. He 
looks, and since | 
ing In SO many eX! 
holds his attention 

There is an old Hall typew 
the visitor may operate in order to se 
in what ways it functions different 


} 


from the most modern typewriter 
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MODEL SHOWING IN COMPLETE DETAIL THE EQUIPMENT USED IN THI 


IN NEW 


Still a different type of exhibit that 
is common in the museum is that which 
the visitor can pick up and turn over 
without doing damage. For example, he 
may pick up and closely inspect a com- 


plicated work-holding device, such as is 


shown in the picture. 

A point that is common in this exhibit 
as well as in the great preponderance of 
exhibits in the Museum, is visitor par- 
ticipation. It is somewhat like the old 
lady who reported that it was a very fine 
prayer meeting because she took part in 
it herself. The visitor in such a museum 
as we are describing should be fatigued 
to a minimum extent, because of the 
variety of muscles that are brought into 
play and because throughout he is con- 
scious of his own participation. 

The old saying that you can eatch 
more flies with sugar than with vinegar 


YorK Crry 


iY 


RN, 


™N 


ippea 
raster, 
when, 
near t 

IT de 


portal 





been | 


FIRST ELECTRIC POW! ndust 


is applicable to any museum that 


sures its success in terms of numb 


visitors multip 
terest aroused. 
tracted nor hel 


lied by the degree 
The fly is neitl 
d to sugar by its « 


its shape. The museum visitors a1 


flies: neverthe 
proper beauty 


less, it takes more 


and magnitude to att 


and capture large numbers of our 


lation. 
The exhibits 


must have funda) 


interest. It may be a debatable q 


whether any museum of science a! 
dustry can effectively arouse as g! 


interest as a 


; 


prize fight or a fi 


game. Personally, I believe it is pos 


Once an ap} 
the visitor’s int 
amount of tedi 
ing exhibits, cl 
without great 





veal has been estab 
erest will follow a 
ous, difficult and 
1arts and reading n 
fatigue. Unreliev 
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bore one, but a wise man may sium or a varie 


row hile at a dinner party, pro help ot the psVvel olog 


there are also charming personali it 


d appetizing food. A museum _— built which 
maintain itself on a lofty plain, cate. Well chos 
should compromise with human path of knowledg: 
to interest visitors in what we tractive both to 
s worth while An industrial the layman 

can succeed only in proportion available to 
visitors it interests. Thousands In speaking 
ily travel more than hundreds of Professor D 
es to visit the Deutsches Museum at seems to me 
ch: it is nevertheless of great ad Deutsches Muse 
tage to have the museum accessible velop technical and 

Millions should be able to reach it within education than can 

i half hour’s journey. The visitor, hav in the technical schools 

ng arrived at the museum, should find It would do more to ed 

he building without difficulty, and its people, ordinary inv 
ippearance should make his heart beat The industrial museu 


faster, much in the same manner as embodiment not only 


when, in his boyhood days, he arrived  forees that have characterize 
near the old swimming hole century, but should show 


[ do not in any way minimize the im- ¢limb from first beginnings 


treat 


portance of the great museums that have ent day. It should 
been built, and it is not our idea that an’ the basis of his integrat 


; | 


ndustrial museum should be a gymna perience of hundreds 





INTERNAL SECRETIONS IN EVOLUTION 
AND REPRODUCTION’ 


By Dr. OSCAR RIDDLE 


CARNEGIE INSTITUTION OF WASHINGTON 


THOSE who attend lectures on scientifie younger than either atoms or sta? 
subjects are, in these days, especially we can be fairly certain that tw 
captivated by the revelations of the processes with which we are no 
physicist and the astronomer. Such in- cerned—organic evolution and re} 


terest is of course a well-deserved tribute _tion—are as old as the oldest org 
to those who have taken the atom apart, also, that sexuality is somewhat | 
permitting us a charmed look at its possibly spanning not more than | 


pieces; and a tribute to those others who years between the present and 
have presented us with a quite new and living matter on the earth; and 
gripping conception of the extent and that the internal secretions ar 
structure of the universe. You have’ the most recent acquisitions of ev 
doubtless come under the spell of these higher animals. So recent are s 
bold, clear, new truths concerning the these secretions—which also pass 
infinitely small and the infinitely large; the names of hormones and endoe1 
and I must half suspect that many of that our closest cousins, the mam: 
you are even now thinking of atoms or may be said to have invented 0. 
of stars. To get your consideration of two; and those superior animals 
the subject of this hour it is therefore are provided with backbones hav 
probably necessary, first of all, for me ably originated much more than 
to locate properly in time, space and _ jority of all the true hormones 
mass the type of objects which we here known. 
purpose to diseuss. If these words carry some ind 
From stars or atoms we must make the of the size and time relations 
long journey to the living world; and, general subject, it still remains 
in the matter of size or mass, the dis- limit its relations in space; fo 
tance—to an animal of the weight of again we apparently need to conce: 
man—-is about equally long if we start portant limitations. Life is kno. 
from the atom or from the star. An_ exist only at points very near t 
eminent British astronomer has ealeu- face of our own planet. If it exist 
lated that the number of atoms in the other worlds it seems likely to be li 
body of a man is represented by 10 to’ to similar surfaces there, unless 1) 
the 27th power, while the number of men in those other worlds living matt: 
required to equal the weight of a star developed with quite different prop 
is found by taking 10 to the 28th power. and relationships than any types « 
How natural, then, is man’s pride con- known to exist on our planet. 
cerning his position in the universe! Compared with that of the p 
In getting our subject located in dura- and the astronomer how very minut 
tion, or in time, we apparently have to limited is this stage on which ou 
eoneede that our living world is much terial is found! The atom the ph) 
ean get from all depths and heig 


1A lecture delivered at the Carnegie Institu 
our planet, and from any part ¢ 


tion of Washington on the evening of Novem 
ber 15, 1927. chanee meteor that comes to eart 


202 





KVOLUTION 
re in and, atoms of the 
ind behave alike. irrespective ol 
of the that enter 
em. Another star, or even a new 

or universe, the astronomer 
gets by an improvement in his 
in most any direction. Again, a 
of light that may have started on 


space ; 


irece electrons 


to the earth millions of years ago 
es much of the 
studied by both the physicist and 
stronomer. The effort 
workers has proved most helpful 
ler, and 
the hot 
for- 


standard material 


of each of 
lving the problems of the ot] 
among them who study 

have even the crowning good 
finding matter in its simplest 
ot 


gases made up atoms and 


n atoms, atoms stripped of elec 


_ 


+ 


With the help of these contrasts let us 
try to grasp the difficulties of him who 
would study the performances of matter 
in the living world, a world built of units 
ilways enormously large and complex as 


Here the 


moleeules—of 


compared with the atom. is 
ot 


aggregations continuously dis- 


I chaos giant 
rderly 
laving the new and difficult properties 
biologist 


living matter—in which the 


an chemist grope as best the V can. Liv 
ng matter always exists and earries on 
at low temperatures, and it is precisely 


that 


hits its more troublesome properties. 


low temperatures matter ex 
Perhaps then these few remarks may 
p you to refocus your lenses, and to 
rn you that in leaving star and atom 
living thing vou have left utterly 

all there is of simplicity behind. During 
this hour, at least, we ask you to share 
that it an 
e, not an earth, not a star, not a uni 
, but a higher animal that embraces 
sum of all complexities. If 
here in that 
simple enough, this must rest on the eir 


view is not atom, not a 


we suc 


saving things are 


cumstanee that we persistently speak of 
the 


fragments not ot whole—of an 


organism. 
In the 
that 


investigation of 


oecurs in living things we begin by 


any process 


AND 


} 
I 


| 


{ 
| 
t 


Such elues were 


a part 


+ 


production. 


leads had been 


hi 


} 


Sal lhi¢ 
or: 
Le 


to 


l 


that 


mM PRODUCTION 


t] that 


up Iie eiues 


ollowing 
Despite thie 
world the 


yrovided by previous study 


of our living 


-omplexity 


yoneering work of others has already 


yrrovided some elues—and usually a few 


ools and methods ro! 


most cones 


imination of 


ot 


ot our present 


he problem ot sexua 


By Chance 
} 
round int 


n doves and 


pia ons 
appens that studies 


my 
ivi hee hl addressed Chile 


I Thesc lar 


partieu 
here to ad Sc] 
hiaet 


SLID Te" 


ST ISS 


ur present 
order in while 


_ 
ted. Phe origina 


We sha 


rep 


learn the chemical 


of sex-differenc 


lature 


oadue 


problems concerning 


and the internal secretions a 


evolution, | 


ot 
Spe Clk Ss, 
ot 
and at 


ind that some aspects o1 f 


ave 


nating ot problems, namely, 
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produced by a bird at each of the several 
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the three largest groups studied, in what 
proportion the two sexes were obtained 
at the various seasons. 

In beginning an examination of these 
polygons it is necessary to know how to 
define a season for our present purpose, 
and a momentary digression will permit 
us to explain how this has been done. 
Possibly the astronomer’s calendar is 
not that of the pigeon; perhaps the dove 
has not sensed the equinox and the in- 
clination of the earth’s axis. After our 
results had indicated that the sex of the 
offspring is related to the rate of metabo- 
lism—t.e., to the rate of burning and 
energy release within the ova—it 
plain that the right ealendar to use in 


was 
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lowest where the storage power is low- 
est. Incidentally, it can be observed 
that the germ glands, testes and ovaries, 


of these animals undergo a change in 
size which is quite the reverse of that 
undergone in the thyroids of these same 
animals. We thus observe that not only 
do ova, and the prospective sexuality of 
these ova, find themselves fluctuating 
with metabolic changes in the body—as 
this is indicated by changes in thyroid 
size—but also the remaining tissues of 
the germ glands undergo size changes 
which are comparable in nature. The 
seasonal changes in sex ratios, which we 
set out to follow, have now led us into 
a region of metabolic differences—a re- 
gion known to be dominated largely by 
the internal secretions. 

Having satisfied ourselves that meta- 
bolic distinctions are at the basis of sex- 
differenee in the egg-stage of organisms 
we wished to know whether these same 
distinctions persist during embryonic 
life. In Table 1 you may see the result 
of our effort to get from dove embryos 
an answer to this question. We must 
first state the reason for using this par- 
ticular method of measurement. The 
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constantly-changing size of 
these embryos makes it impossible to 
measure their metabolism directly. But 
if male embryos are using oxygen faster 
than are female embryos, then male em- 
bryos should be less injured by abnor- 
mally high concentrations of oxygen 
and more injured by abnormally low 
concentrations of oxygen than are female 
embryos. We, therefore, took all of the 
embryos, that is, all of the fertile eggs, 
which were produced by our birds dur- 
ing one year and made them undergo 
from_one to five days of their develop- 
ment in atmospheres prepared by us; 
one series of these atmospheres con- 
tained very much the other 
series only about half that of ordinary 
air. 

In these tests a somewhat smaller per- 
centage of males than of females was 
killed by treatment with ‘‘increased 
oxygen’’; and a slightly higher per- 
centage of males survived the ‘‘ increased 
oxygen.’’ Further under ‘‘decreased 
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oxygen, 
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pressures of oxygen’’ a higher per- 
centage of males than of females was 
killed; and under ‘‘decreased pressures 
of oxygen’’ a smaller percentage of 
males survived. Likewise, low tempera- 
tures might be expected to affect sexual- 
ity in the same way as does ‘‘decreased 
oxygen.’’ This also proved to be the 
ease. Parts of the same data, taken on 
a specially rigorous basis, are separately 
shown on the lower portion of the table. 
The results there are quite the same. 
The numbers involved in these experi- 
ments are not as large as is desirable; 
but in this partial test of the question 
the evidence indicates that the male em- 
bryos of doves and pigeons have the 
higher, female embryos the lower, meta- 
bolic rate. 

It has recently been shown that very 
young birds, taken soon after hatching, 
can still be made to reverse their sex by 
a single simple surgical operation. This 
work has been most adequately carried 
out on young chicks, and by others than 
myself, though we are also making such 
operations on young doves. This impor- 
tant result was first obtained four years 
ago by a French observer who removed 
the left germ gland—the left ovary— 
from young chicks soon after hatching. 
The operated birds were allowed to grow 
and mature, and it was then found that 
the right ovary (which is nearly always 
rudimentary in birds and usually com- 
pletely degenerates soon after hatching), 
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had here, in each case, continued its 
growth. Surprisingly enough, in these 
cases its growth had been continued 
wholly in the direction of a male germ 
gland, and indeed a testis which pro- 
duced sperm was formed. Often, too, on 
the site of the removed left ovary a sec- 
ond male gland develops. 

In these operated animals it was also 
plain that the internal secretion or hor- 
mone of the gland was now that of the 
male, not that of the female. The comb, 
plumage and other sex distinctions were 
now essentially those of a rooster, not 
those of a hen. Similar results have now 
been obtained by several workers in 
various countries and the results are 
well established. Young birds thus 
operated usually undergo complete sex- 
reversal and develop into male adults. 

We have very briefly reviewed some 
of the results which—if they could be 
completely given—clearly indicate that 
in the egg-stage, and in early post- 
embryonic stages, the sex of birds may 
be reversed. If time permitted two cases 
of sex-reversal in adult birds could be 
described. 

We have now indicated that during 
the egg-stage and the embryonic stage, 
the sexes differ in their rate of metabo- 
lism. Naturally, we wish to know 
whether similar metabolic differences are 
found in the adult pigeon. This ques- 
tion, among others, is now being studied 
in our laboratory in collaboration with 
Professor Benedict, of the Nutrition 
Laboratory of the Carnegie Institution. 
At the moment, however, we do not feel 
prepared to answer this question. Mean- 
while, such suitable measurements as 
are available for the adult human male 
and female, and for one or two other 
species of animals, do indicate that the 
males in these species have the higher 
metabolism, the difference, in the case 
of the human, being about 6 per cent. 
The data at hand seem to warrant the 
conclusion that males in all life stages 
have a higher rate of heat production, 
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energy exchange, or basal metabolism, 
than have the females of the same spe- 
cies. If this conclusion is supported by 
further measurements it would seem to 
be of real importance and of wide appli- 
cation in man’s own world. Metabolism 
in the human is fairly easily influenced 
by such conditions as habits, diet, occu- 
pation and disease; and since sexuality 
is not an entirely fixed and static thing 
these metabolic changes are of first im- 
portance to the maintenance of normal 
sexuality. There are several obvious 
medical and sociological applications of 
our identification of the relationship of 
metabolic rate and sex. 

Our collaborative study with Dr. Bene- 
dict has, however, already made it clear 
that the rate of heat production is 
notably affected by both the age of the 
bird and the amount of space in which 
it is permitted to live. On the latter 
point we made 60 measurements on 15 
doves with the result shown in the upper- 
most polygons of Fig. 6. You will see 
that after males have been confined dur- 
ing several weeks in a space too small to 
permit flight, their metabolism is at a 
low level. That following four to five 
weeks of residence in larger cages, which 
did permit flying, their metabolism was 
markedly increased. Likewise, the adult 
females have a lower metabolic rate 
when under close confinement, and like 
their male mates they attained a higher 
rate in the larger cages. But we call 
your attention particularly to our find- 
ing that close confinement, which we 
must regard as abnormal, affects the 
metabolism of the male more severely 
than that of the female. He loses 19.6 
per cent. of his normal rate; she loses 
only 8 per cent. under the same condi- 
tions. If this result holds, and can be 
extended to other species, we shall here 
have the real reason why Jack builds a 
house, but remains in it less—and less 
agreeably—than does Jane or Jill. 

The lower two rows of polygons show 
two things. First, that young birds of 
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various races of pigeons have a higher 
metabolism than do the adults of the 
same races. This difference is so consid- 
erable that the age factor here enters 
largely into the determination of all 
questions of sex difference or racial dif- 
ference in metabolic rate. The second 
and doubtless more important thing 
shown by these data must next be noted. 
These polygons contain, so far as I am 
aware, the first direct and comparable 
measurements obtained on the metabolic 
changes which accompany hybridization 
—or the crossing of races. Note that the 
measurements made on the two races of 
the middle polygon indicate that one 
race has a lower, the other a higher, 
metabolic rate ; but do not fail to observe 
that in a cross of these two races the 
resulting offspring have a higher metabo- 
lism than that of the higher race enter- 
ing into the cross. This result applies 
to both the young and adult hybrids. 
Also, the two races whose measurements 
are placed in the lowest row of polygons 
have unequal metabolic rates; and again, 
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the hybrids resulting from a cross of 
these two races have, in both young and 
adult stages, a higher metabolic rate 
than that of the higher race entering 
into their parentage. These four tests 
doubtless do not provide an adequate 
basis for saying that this is a universal 
principle; but these are the first four 
tests made, and at present our only com- 
pleted tests of this subject. 

These four tests admirably support 
the view, first derived from entirely dif- 
ferent sources, that a wide cross is in 
itself a means of raising the metabolic 
rate in all stages of the developing egg 
and embryo; and that, because the 
widest crosses raise the metabolic rate 
most markedly, such fertilizations result 
in the production of males, and of males 
only. We are here at the threshold of 
identifying the long-known increased 
vigor of hybrids with increased metabolic 
rate; and since hybridization or mon- 
grelization occurs, and has frequently oc- 
curred, in the human family, this finding 
also would seem to have a considerable 
application in man’s own world. 

At the outset of this presentation we 
noted that frequently repeated egg-lay- 
ing in doves was associated with change 
in sex ratios. Later we saw that this 
resulted in size, chemical and metabolic 
changes in the ova. It is therefore evi- 
dent that if we can analyze the several 
changes which occur at an, or at each, 
ovulation period we can approach an un- 
derstanding of the forces which induce 
or accompany these changes in metabo- 
lism and in sex. During the past six or 
seven years we have thrown some effort 
into the study of this matter. The re- 
sults of these studies have been con- 
densed into the form of curves. 

The central vertical lines of Fig. 7 in- 
dicate the points in time at which an 
ovum or yolk leaves the ovary of the 
dove. Time is read on the base-line from 
left to right. The size or amount of each 
thing measured is expressed as height 
from this base-line. You will notice that 
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two ova break away from the ovary—the 
first, at the left vertical line; the sec- 
ond, occurring 44 hours after the first, 
at the vertical line on the right. This 
interval between the two ovulations is 
spoken of as the ‘‘ovulation period.’’ 
A period of 108 hours preceding the first 
ovulation we call the pre-ovulation 
period; a similar period following the 
ovulation of the second ovum we call the 
post-ovulation period. These periods 
have been found to be well-defined and 
natural things. Our measurements have 
shown that one of the small eggs of the 
ovary takes up a new rate of growth, a 
rate 26 times the former rate, at about 
108 hours before it attains its full growth 
and breaks away from the ovary. 

It is also found that the oviduct or 
uterus, which conducts the egg from the 
ovary to the exterior, begins to grow at 
precisely the same time that the first 
ovum starts its new rate of growth. And 
indeed we now know that it is one of our 
regulators of metabolism—namely, a hor- 
mone produced within the ovary—that is 
released into the blood at this time and 
is thus carried to the walls of the resting, 
sleeping oviduct, where it makes this 
organ begin at once a degree of growth 
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which is almost unheard of elsewhere in 
adult tissues. Under the stimulus of this 
internal secretion from the ovary the ovi- 
duct increases its size by 1,000 per cent. 
within a period only a little longer than 
108 hours; after another period of 108 
hours following the second ovulation the 
oviduct has again atrophied and shrunk 
to its normal resting condition. Here it 
is clear that the growth stimulating hor- 
mone which is released from the ovary is 
produced during a short period of time 
only, certainly not after the release of 
the second ovum from the ovary. Inci- 
dentally, we have found that the internal 
secretion of the dove’s ovary can be sub- 
stituted by the same secretion taken from 
the pig or from the human. 

It is well to realize that we here find 
ourselves in the midst of the many 
changes brought about by the organs of 
internal secretion. Ovulation day in the 
pigeon is indeed mobilization day for the 
small but powerful army of endocrines. 

Your attention is next directed to the 
eurve which describes the size changes 
observed in the suprarenal glands. At 
the same time that the first ovum starts 
its rapid growth, the suprarenals also 
begin to increase in size—reaching a 
maximum closely coincident with the 
time at which the ova leave the ovary. 
The suprarenal gland—there is one above 
each kidney—is really composed of two 
organs of internal secretion, the cortex 
and the medulla. The cortex produces a 
hormone which has not yet been isolated, 
nor even discovered, but it is known to 
exist and to be essential to life. The 
medulla secretes a hormone which we 
commonly know as adrenalin. One of 
the effects of this hormone is to increase 
the amount of sugar in the blood. Since 
our investigation had indicated that both 
parts of the suprarenal gland had in- 
creased in size at this period we wished 
to know whether they had also increased 
their function or activity. To determine 
this, in the case of the medulla, we could 
find out whether the amount of sugar in 
the blood increases at this same time. 


This was studied with the results shown 
by the curve—the blood sugar is in- 
creased by about 20 per cent. This in- 
crease, together with the size increase of 
the medulla itself, supplies evidence that 
more of the internal secretion which we 
call adrenalin is being poured into the 
blood at this period. 

The parathyroid glands are also or- 
gans of internal secretion, and during 
the past three or four years it has been 
learned that the amount of their secre- 
tion is very directly related to the 
amount of calcium in the blood. We 
have, therefore, measured the blood ecal- 
cium at various points over this period 
in order to obtain information as to the 
part played here by the parathyroids. 
The result is extraordinarily clear. The 
normal amount of calcium in the blood 
is more than doubled at the approach of 
this particular reproductive period. It 
returns to normal value at 108 hours 
after the second ovum is ovulated. This 
probably means that the hormone of the 
parathyroids is much increased in antici- 
pation of the release of an ovum from a 
very distant organ—the ovary. 

We have recently measured the amount 
of fat and phosphorus in the blood at 
normal periods in the life of the bird, 
and at the particular period under dis- 
cussion here. The curves show that both 
these elements begin to increase in the 
blood at 108 hours before an ovum is 
ovulated. Both fat and phosphorus at- 
tain maximum values early in the pre- 
ovulation period, instead of coinciden- 
tally with the ovulation period as was 
found for other constituents of the blood. 
From this fact we obtain some evidence 
that a hormone of the ovary is respon- 
sible for these two changes in addition to 
causing the oviduct to enlarge. 

We greatly need to know the means 
by which the ovary is stimulated to be- 
gin its work. Within a year Smith, and 
Zondek, have shown that in mice and 
rats it is the anterior pituitary body that 
thus stirs the ovary into maturity and 
into reproductive action. Our labora- 
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tory can now report that this result has 
been extended to the birds. It is thus 
becoming evident that in all higher ani- 
mals it is a hormone of the anterior 
pituitary body that decides the age at 
which ova and sperm will begin to be 
formed or matured. We must, there- 
fore, assign the pituitary a share in 
starting the growth of an ovum, which 
in turn seems to be the signal of the 
ovary to the rest of the endocrine com- 
pany to go into action. 

This concludes our examination of 
the considerable series of changes in the 
activity of a number of organs of inter- 
nal secretion, all of which are closely 
timed to the period of growth and re- 
lease of an ovum. You will now recall 
that when the doves were made to ovu- 
late repeatedly the yolk-size was gradu- 
ally increased, the burning power of the 
ova was decreased, and an excess of 
female offspring developed from the ova 
thus modified. This illustration indi- 
cates—at each point provided with an 
arrow—that under such rapid egg- 
production the several endocrines re- 
sponsible for the values plotted here 
were forced to take up a new—often a 
maximum—rate of activity instead of 
lapsing for weeks into a period of com- 
parative rest. We thus discover a part 
of the basis which repeated ovulations 
provide for metabolic change and sex 
change in ova. In obtaining these re- 
sults our laboratory has had the help of 
various assistants and collaborators. 

I must confess that the data placed on 
this graph also bring you as nearly as I 
ean hope to take you into the midst of 
the fine adjustments effected by internal 
secretions to meet one single phase of 
reproduction. 

We must now, for a few moments, 
turn to the final division of our subject. 
We shall see that the recently found 
prominence of many of the internal 
secretions in the processes of reproduc- 
tion makes it possible to consider anew 
the place which the organs of internal 


secretion occupy in the scheme of animal 
evolution. 

It is here necessary to direct one pre- 
liminary thought to the nervous system. 
It is a rule that there is no riot within 
an organism. There are two very com- 
plicated and wholly different systems of 
efficient control Beyond and around 
the outlines of the endocrine system 
which is sketched in Fig. 8 we ask you 
first to visualize the nervous trunks and 
networks which may be said to repre- 
sent the ‘‘telegraphic service’’ of man 
and bird. Despite the enormous com- 


of 
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(Diagrammatic ) 


plexity of this telegraphic system, most 
of the changes which are connected with 
reproduction in the bird are found not 
to be under its control. That control is 
exercised by the isolated structures 
whose names and positions are shown in 
the figure. 

The ‘‘telegraphie service’ is ox- 
tremely rapid but it has proved entirely 
inadequate to the needs of so complex 
an organization as a higher animal. In 
these animals what we may call a 
**postal’’ service has been very exten- 
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sively developed. This postal, or ‘‘chem- 
ical messenger’’ service, is of course the 
system of internal secretions. 

Though a particular organ of internal 
secretion sometimes looks quite differ- 
ent in the bird and in man, the impor- 
tant chemical substance which it pre- 
pares and throws into the blood—that is, 
its internal secretion—is probably quite 
the same substance in both man and 
bird. Except in the case of the pineal— 
which has not been investigated by us— 
we have obtained evidence for an 
equivalent physiological action of all the 
hormones of the bird and mammal indi- 
cated here. 

A moment later we shall want to use 
the fact made clear in Fig. 9. We try 
to picture quickly the functions of the 
thymus gland. In our material, which 
happened to be animals that place albu- 
men, shell-membrane and_  egg-shell 
around every egg, it could be shown that 
the production of these substances is 
under the control of a thymus hormone 
which I have called thymovidin. In the 
absence, or practically complete absence, 
of a thymus it was found that, though 
the ovary could function normally and 
could produce ova of normal size, little 
or no albumen and shell could be 
secreted. The point needed for our 
present purpose is that the service per- 
formed by this puzzling organ has now 
been found, and it turns out that its 
primary function is concerned wholly 
with the processes of reproduction. 

The points at which our various 
studies have made contact with the in- 
ternal secretions have, in our opinion, 
provided a basis for a new conception 
regarding their place in the general 
scheme of animal evolution. Table 2 
will aid in the presentation of this point. 
We find that nearly all of the internal 
secretions are intimately concerned in 
the processes of reproduction or of sex. 
And that the only hormones not thus 
concerned are engaged in the regulation 
of other irregular rhythms. Reproduc- 
tion is itself a highly rhythmic process. 


The Thymus and Veproduction 
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It thus appears that the ‘‘postal,’’ not 
the ‘‘telegraphic,’’ service has been 
found the efficient method of coordi- 
nating irregular rhythms in higher 
animals. 

In the table we give the long list of 
internal secretions which are now known 
to be definitely related to reproduction 
or to sex (those written in parentheses 
are possibly not true hormones). In 
another column, at the bottom and to the 
left, we list those hormones which other 
investigators have hitherto found no 
reason for classifying as reproductive 
hormones. But earlier in this hour two 
of these three hormones were shown to be 
concerned in reproduction. You will 
recall the changes in the blood sugar 
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curve (adrenalin), and in the blood ecal- 
cium curve (parathyroids), at ovulation. 
We should note that the amount of 
sugar in the blood is largely the result 
of the joint action of adrenalin, and of 
insulin—the hormone of the pancreas. 
Our laboratory was able to show that 
injections of insulin made thrice daily 
effectively prevents the normal increase 
of blood sugar at ovulation, and also 
effectively prevents ovulation taking 
place at all. The only remaining hor- 
mones, gastrin and secretin, are con- 
cerned in the rhythms of digestion, and 
they are themselves rhythmically se- 
ereted. 

We thus learn that nearly all the in- 
ternal secretions are intimately related 
to reproduction. This fact has so many 
impressive associations that I am 
tempted to suggest that the evolution of 
the endocrine organs themselves is 
largely tied up with the elaborate sys- 
tems of reproduction present in higher 
animals. It is here only possible to state 
briefly some conclusions, almost without 
reference to the evidence. A very sim- 
ple form of ‘‘chemical regulation,’’ 
much simpler than that involving true 
hormones, is present in the plants and 
lowest animals. This form of regulation 
is older than the nervous system. But 
a true hormone—a true internal secre- 
tion—has not been found in any animal 
lower than a cray-fish or a leech. The 
nervous system—both central and sym- 
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pathetic divisions of it—is present in 
much lower animals. 

The organs of internal secretion are, 
therefore, of more recent development in 
the animal series than is the nervous or 
telegraphic system. The endocrines 
appeared late, not early, in animal life. 
It is now, I think, also evident that all 
of the internal secretions are specially 
and peculiarly concerned in the regula- 
tion of irregular rhythms—and above 
all in the essential species-preserving 
rhythms of reproduction. These facts 
provide some basis for the view that in 
higher vertebrates and man these organs 
of internal secretion probably supply 
the chief source and hope of further 
evolutional advance. These are the rela- 
tively new structures; probably most of 
them exist in vertebrates only; they are 
definitely concerned with regulations 
and correlations; they largely dominate 
growth and individual development. 
Where they are present and endowed 
with such power, how can they escape a 
large share in further specific and 
racial advance? 

Let us now consider a final item that 
has a bearing on the remarks just made. 
Six or seven years ago we decided to 
test whether—starting chiefly with birds 
known to have one or another type of 
reproductive disorder—it was possible 
to establish races which would perpetu- 
ate their abnormalities; and more par- 
ticularly to see whether we could estab- 
lish some races with large thyroid 
glands and other races with hereditarily 
small thyroids. 

Parts of our success in this effort are 
shown in Fig. 10. You will see that we 
have readily established some races of 
ring doves in which we can confidently 
predict that the offspring will be pro- 
vided with large, or with small thyroids. 
During the four or five generations thus 
far studied the parents of each genera- 
tion, and the offspring of each genera- 
tion, have held with fair consistency to 
a high or to a low level. Success here 
means that in this material we now have 
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a chance to learn the perils and advan- 
tages to a race of hereditarily large 
thyroids, or of hereditarily small thy- 
roids—a chance hardly possible in any 
other known living material. This re- 
sult also demonstrates that the normal 
mechanism of heredity can operate in 
the perpetuation of small changes in the 
endocrine organs, i.¢., in those relatively 
new organs which in higher animals are 
taking so large a share in the regulation 
of growth, of capacity, of health, of 
reproduction; the same organs whose 
further modification in these higher 
animals is, on our view, probably so 
closely bound up with further evolu- 
tional advance in vertebrate animals. 


We began our look into the processes 
of the living world with the observation 
that two types of reproductive differ- 
ence, namely, a difference induced by 
rapidly repeated egg-laying, and a dif- 
ference effected through fertilization by 
sperm from a very foreign species, cer- 
tainly change the sex-ratio and possibly 
involve a reversal of sexuality. This 
‘*possibility’’ of sex-reversal has been 


converted into actual demonstration. 
Sex is reversible, and this is more read- 
ily effected in the earlier life-stages. In 
accomplishing this latter result it has 
been made altogether probable that 
maleness and femaleness are really 
founded upon a difference in metabolic 
rates. In turn it has been observed 
that these metabolic differences rest 
largely upon the internal secretions, and 
that these secretions are peculiarly and 
specially related to reproduction. Also, 
that the internal secretions are rela- 
tively recent arrivals in the evolution of 
animals. Finally, we have seen that 
new races with size differences in at 
least one of these endocrine organs—the 
thyroid—have already been established. 
May we not say, these races have been 
created, and that since we are assured 
of the inheritance of variations of capac- 
ity in these regulators and coordinators 
we here obtain a not-too-distant view of 
a significant element of our own past 
and future evolution? 

Some of these several problems are by 
no means fully solved; it is hoped that 
the work of our laboratory, as this has 
been discussed here, has contributed a 
mite toward their solution. 

If, in conclusion, this digression of 
your thought from stars and atoms 
leaves you with a sense of having entered 
a nebulous and difficult region, you will 
be sharing another of my own impres- 
sions. The restricted realm of the liv- 
ing, though so near to us—though we 
are a part of it—is one on which the sun- 
light, or even moonlight, of definiteness 
and rigid predictability is scarcely risen. 
Still, spurred by the notable successes of 
workers in the more exact sciences, the 
student of life-processes uses such means 
as he can to find the rules that apply to 
the orderly associations of complex 
molecules which form a living thing. 
Almost necessarily our efforts lose in 
precision; but one and another life- 
process we must measure, since this is 
the only means we have of arriving at 
an understanding of ourselves. 
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HOW IT IS DONE BY THE CHEMIST 


By Professor D. B. KEYES 
UNIVERSITY OF ILLINOIS 


INDUSTRIAL chemical research has been 
the subject of much conversation in re- 
cent years. Much has been written 
about its importance and much about 
its results but little has been said about 
how it is done. The public still believe 
it is an art acquired by few. The great 
research genius of chemical industry is 
still believed to be a rather impossible 
creature who spends his hours in pro- 
found thought among his test tubes and 
weird machines. By secluding himself 
in his laboratory, concentrating entirely 
upon his problem for a period of many 
years, he is thus able to have ideas far 
above the common herd and thereby ac- 
quires great fame for himself and vast 
financial profit for others. Nothing 
could be further from the truth. 

To-day, industrial chemical research 
has been systematized and standardized. 
Any desired result can be obtained if 
sufficient men, money and time are avail- 
able. The element of luck has been re- 
duced toa minimum. Fortune still dic- 
tates the quantity of energy necessary 
to acquire success but that is all. For- 
tune is the catalizer of unknown positive 
or negative value. 

On the other hand, romance and inter- 
est has not fled from this field of work; 
quite the contrary. To-day the joy of 
accomplishment in industrial chemical 
research can be had by the many and not 
as formerly, by the few. It is the de- 
lightful purpose of this article to prove 
this statement. 

One of the most interesting and most 
common types of research in our chem- 
ical industries is the development of a 
new and more efficient process to pro- 


duce an old and well known product. 
The work on such a problem has been 
standardized. The order of procedure 
is as follows: 


1. A thorough review of the literature. 

2. A selection from this review of the 
best method so far developed for the 
particular conditions required by the 
problem. 

3. A listing of all the factors involved 
in the reaction or method. 

4. A listing of all methods of varying 
each factor. 

5. A selection of the factor which shall 
be varied first and the method of vary- 
ing it. 

A rather remarkable piece of work’ 
was done some years ago which will illus- 
trate this standardized method of pro- 
cedure. Immediately after the Armis- 
tice a certain chemical company found 
itself with large stocks and large capac- 
ity to produce ethyl alcohol and dilute 
(10 per cent.) acetic acid and with no 
adequate market for either. It was 
thought that ethyl acetate formed by 
the reaction of alcohol and acetic acid 
might be a profitable compound to 
manufacture. A thorough review of the 
literature was made. The text-books 
stated quite conclusively that ethyl 
acetate can be made only with concen- 
trated acetic acid, absolute alcohol and 
appreciable amounts of sulfuric acid, 
the catalyst. Even then the yields 
were rather low. The process selected 


was naturally as follows: 
H,So, 
Acetic acid (10%) + ethyl alcohol (95% )——> 
ethyl acetate + water. 
1 Covered by U. 8S. and Foreign Patents. 
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From an economic standpoint either 
this reaction would be made to work or 
the entire development as far as this 
plant was concerned would have to be 
abandoned. 

The list of factors were evidently as 
follows—pressure, temperature, catalyst, 
acetic acid, ethyl alcohol, ethyl acetate 
and water. 

Pressure and temperature could be 
varied over wide ranges. The remaining 
factors could be changed both from a 
physical and chemica] standpoint. 

For the preliminary experiments in 
the laboratory change in concentration 
of the sulfuric acid was tried. This 
was done for the simple reason that it 
was easier than finding a new catalyst 
of different chemical composition. The 
results were gratifying. It was found 
that only a relatively small concentra- 
tion of sulfuric acid was necessary to 
bring the reaction to equilibrium. 

A new problem immediately presented 
itself. How could one disturb the equi- 
librium and obtain 100 per cent. yields. 
It is well known to those who are 
familiar with equilibrium reactions that 
an increase in concentration of the raw 
materials will disturb the equilibrium in 
the right direction. It was also well 
known that a lowering of the concen- 
tration of the final products would help 
produce the desired results. It was, or 
rather is now, quite obvious, what was 
the proper selection of factors and varia- 
tion that should be tried first. 

A mixture was made consisting of 
ethyl alcohol in considerable excess, 
dilute acetic acid and the proper amount 
of sulfuric acid. This mixture was 
passed into the side of a fractionating 
column. It was found that water and 
the sulfuric acid came out at the bottom, 
while a ternary mixture of ethyl acetate, 
alcohol, and water came out the top. 
The ternary mixture had a higher vapor 
pressure than the water and sulfuric 
acid mixture. As those facts were 


known the results could have been pre- 
dicted. It should be noted that no acetic 
acid appeared ; it was entirely consumed 
in the reaction. On the basis of acetic 
acid, the yield was 100 per cent. This 
was brought about by increasing the 
concentration of ethyl alcohol in the 
original mix, and permitting the frac- 
tionating column to reduce the concen- 
tration of the products ethyl acetate and 
water by removing them from the reac- 
tion zone. It was too difficult to increase 
the concentration of acetic acid, so it was 
not attempted. The fractionating col- 
umn also reduced the alcohol concentra- 
tion which would have been detrimental 
had not a large excess of alcohol been 
added in the beginning. 

Still another serious problem pre- 
sented itself. The yield was 100 per 
cent., but the product was a mixture and 
not pure ethyl acetate as desired. It is 
customary to fractionate such a mixture 
and obtain a pure product. The three 
however were found to form a constant 
boiling ternary mixture, so simple frac- 
tionation was out of the question. The 
physical reaction desired might be stated 
as follows: 


(Ethyl acetate, aleohol, water) mixture——> 
ethyl acetate + (alcohol, water) mixture. 


It is common to add salt water to 
such a mixture. In this mixture water 
alone was all that was necessary. Two 
liquid layers appeared on the addition 
of an excess of water. The upper layer 
contained most of the ethyl acetate and 
small quantities of aleohol and water. 
Pure ethyl acetate was obtained by sim- 
ple fractionation of this layer. 

This was, of course not all of the fea- 
tures of this remarkable development. 
It covers, however, the most important 
features. It should be noted how closely 
the development followed the standard- 
ized plan of attack. No attempt has 
been made to under-estimate the intel- 
lect, ability and knowledge involved. It 
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is desired only to show the sound logic 
and common sense used in the under- 
taking, and to point out that this very 
worth while research was successful not 
because of any wild dreams and very 
fortunate hunches on the part of the 
inventor. 

There is another type of industrial 
chemical research which is extremely 
attractive, but not so common as the one 
just mentioned. It is the development 
of a new and more efficient chemical 
product to take the place of an old 
product. The new product is often 
damned by the noun ‘‘substitute’’ or the 
adjective ‘‘artificial.’’ Rayon which is 
replacing silk is such a product. Phenol- 
formaldehyde plastics (Bakelite and 
Redmanol) and the tungsten filament 
are other examples. This research, diffi- 
cult as it is, has a suggested plan of 
attack. One of these proposed plans is 
as follows: 

1. A list of the faults of the old prod- 
uct. 

2. A list of similar products not used 
for the same purpose. 

3. A selection from list No. 2 of the 
most suitable product. 

4. Modification of this product to 
eliminate faults. 

It has been known for some time that 
tincture of iodine is a highly unsatisfac- 
tory household antiseptic when applied 
to open wounds. The content of iodine 
(7 per cent.) is far too great. In many 
cases it probably does more harm than 
good, because of its tendency to attack 
the living tissue. The solvent, alcohol, 
(concentrated) is not the sensible thing 
to put in a cut any more than a red hot 
iron. Furthermore, tincture of iodine 
in a bottle with a cork or rubber stopper 
is not always safe to carry in one’s vest 
pocket or traveling bag. In brief, tinc- 
ture of iodine as a household antiseptic 
has its faults. 

Among the many compounds of iodine 
that appear on the market might be men- 


tioned potassium iodate. This product 
probably has no real antiseptic powers 
but free iodine does. It has been known 
for some time that weak acids will liber- 
ate free iodine from a mixture of potas- 
sium iodide and iodate. It was therefore 
believed that a dry powdered mixture 
of potassium iodide, potassium iodate, 
and an acid salt might be used to re- 
place tincture of iodine. Such a mix- 
ture? was made. The results were very 
gratifying. The new product was easily 
soluble in warm water and quickly re- 
leased its iodine. The resulting solutions 
were found to have great bactericidal 
action on the common bacteria. No 
irritation caused by a reaction with liv- 
ing tissue was noticeable. The solution 
could be varied over wide concentration 
ranges. Even dilute solutions that could 
be used as a gargle with comfort proved 
to be efficient as an antiseptic. Further- 
more, the dry powder could be carried in 
perfect safety in pockets or in a bag. 
The package could be a glass bottle, an 
aluminum tube, or a pasteboard box. 

Here again knowledge, common sense, 
and a logical plan of attack proved suc- 
cessful and developed a product that 
should mean much to mankind. 

Still another type of research is com- 
mon in chemical industries. It is the 
development of a new machine for an old 
purpose. Many of the fantastic develop- 
ments since the war have been of this 
type. The profits of such developments 
are usually large. This type is little 
understood and strange to say the 
method commonly used is the simplest 
and one of the easiest to follow. It 
might be outlined as follows: 

1. A list of all the basic requirements 
of the process. 

2. A list of apparatus used in other 
industries for a similar purpose. 

3. A selection of the apparatus which 
will most nearly satisfy the requirements 
of the process. 

2 Covered by U. 8. and foreign patents. 
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4. Modification of this apparatus to 
meet the special conditions. 

A very interesting case is the recent 
methyl aleohol development in Europe. 
Here the method shown above was 
worked backwards. The famous Haber 
equipment for fixing atmospheric nitro- 
gen lay idle after the war. The capacity 
was far beyond the peace time needs. 
Some brilliant experimenters conceived 
the idea that it might be used for some 
other reaction. Carbon monoxide and 
hydrogen (Water Gas) were cheap and 
plentiful so they were used as the raw 
materials in an experimental run. 
Methy! alcohol appeared as one of the 
products, probably, much to the surprise 
of every one. No particular attention 
was paid to the catalyst in this first run. 
The Haber equipment was capable of 
developing high pressures and high tem- 
peratures at the same time. This was 
its unique feature. It was well known 
that carbon monoxide can not be reduced 
with hydrogen at ordinary pressures and 
temperatures. Therefore, it was rightly 
concluded that with ordinary catalysts, 
high pressure and high temperatures 
were basic requirements of the process. 

The romantic tale does not end here 
however. An American concern has 
started the production of methyl alcohol 
from methane (Natural Gas) by partial 
oxidation with air. This was done by 
utilizing a standard equipment formerly 
used for another purpose. The design 
and operation was modified to meet the 
new conditions. Methyl alcohol can be 
made cheaper, in all probability, by this 
process. This means that once again the 
high pressure, high temperature equip- 
ment will become idle and the research 
workers will be faced with the problem 
of finding new raw materials. Fortu- 
nately there are several chemical ele- 
ments and compounds left to try out. 

About twenty years passed by before 
we realized that the X-ray machine could 
be used for anything other than locating 


the tack little Cuthbert had swallowed.* 
To-day whenever we want to know some- 
thing about the internal structure of 
anything, we use the X-ray. Why, be- 
cause we need a ray that will go through 
and not be reflected from the surface. 
It makes no difference whether the 
material is butter or steel. The basic 
requirements of our process are satisfied 
by the X-ray machine. 

Oftentimes this type of research is 
relatively simple. Our great motor fuel 
industry for many years confined its 
development solely to increased produc- 
tion. Money spent on producing in- 
creased yields and higher grade products 
did not produce dividends equal to those 
produced by the same investment in 
additional production. To-day the tables 
are turned. Fractionating columns used 
by the alcohol industry for the last 
thirty years are now employed in the 
petroleum refineries. Certain modifica- 
tions were necessary. Whenever the 
basic requirements of the process and 
the function of the fractionating col- 
umns were thoroughly understood and 
appreciated, success was immediate and 
certain. 

An interesting development of this 
kind has occurred in the natural gaso- 
line industry. In this industry gasoline 
is obtained from natural gas by compres- 
sion, absorption, or adsorption. The 
crude product contains not only the de- 
sirable higher boiling hydrocarbons 
(butane and up) but also the low boil- 
ing, volatile, and undesirable hydro- 
carbons (propane, ethane, and methane). 
This volatile constituent is removed by 
‘‘weathering.’’ This is a simple distilla- 
tion in a still that no self-respecting boot- 
legger would think of using. The result 
of using such an apparatus is quite evi- 

8 This hysteresis of the human mind has been 
pointed out by 8. OC. Gilfillan in an excellent 
article entitled ‘‘Who Invented It,’’ published 
in the Dec., 1927, issue of THe ScrIENTIFIC 
MONTHLY. 
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dent to any one familiar with the basic 
principles of fractionation. The volatile 
material is removed and with it appre- 
ciable amounts of the less volatile and 
desirable material. The simple substi- 
tution of a fractionating column for the 
eighteenth century still has given in one 
ease a 45 per cent. increase in yield. 
Sometimes the proper selection of ap- 
paratus is difficult and sometimes it is a 
matter of chance. An excellent illustra- 
tion of the latter is given in the story of 
the famous New Englander who sent a 
eargo of warming pans to the Tropics, 
and the ingenious native found them 
useful for concentrating sugar syrups. 
Often the necessary modifications of 
the machine are not apparent. There is 
a story told of Mr. Edison in the early 
days that will illustrate this point. Mr. 
Edison was adapting the horse shoe mag- 
net to the electric motor. The magnet 
was placed vertically with the armature 
at the bottom between the poles. A 
heavy iron base was necessary, but this 


produced an iron connection between the 
poles. The lines of force were promptly 
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shunted away from the armature and the 
machine would not work. Mr. Edison 
and his colleagues worked long hours to 
devise a non-conducting material to be 
placed between the poles and the iron 
base. A fairly satisfactory material was 
devised and several of these machines 
were sold. A few years ago some univer- 
sity laboratories still had this model on 
display. A master mind, the story does 
not include his name, finally pointed out 
to Mr. Edison that the problem could be 
solved by merely turning the machine 
upside down. No metal connection be- 
tween the poles was required as the iron 
base was on the other end where it did 
no harm. 

Many more illustrations of this fasci- 
nating type of research could be given. 
The most interesting and perhaps most 
far reaching in their significance are de- 
velopments of this type that are under- 
way at the present moment. They are, 
however, in that delicate state that 
premature exposure might prove fatal. 
It is hoped that the reader will be con- 
tent with the evidence already submitted. 
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Forty years ago so sound a writer as 
Matthew Arnold joined in the lament 
over the eclipse of the humanities by 
science. Although he uttered some 
words of reassurance these must have 
been forgotten, for even to-day there are 
those who tremble lest ‘‘ wisdom and joy 
die in a test-tube.’’ 

Since Arnold, of Rugby, declared 
that ‘‘Rather than have physical science 
the principal thing in my son’s mind, I 
would gladly have him think that the 
sun went round the earth, and that the 
stars were so many spangles set in the 
bright, blue firmament,’’ Matthew’s at- 
titude need not surprise us, and he who 
has not cast suspicious glances at science 
in our own day has an even-tempered 
soul indeed. There are even those who 
profess to believe that science is a curse 
rather than a blessing, and I may recall 
the remark of a scholarly friend who 
declared that he was not aware that he 
owed anything to science except the elec- 
tric light. Taken as a confession this 
might pass in silence as it did, but taken 
as a valuation of the service of science 
to him it was benighted indeed. 

I am certain that such verdicts as 
these on science do not rest on any lack 
of heart, but on a lack of knowledge of 
modern life and on a misconception of 
what science really is. In the minds of 
these good people, science is supposed 
to be a collection of so-called dead facts, 
and minister only to man’s lower wants. 
To them the scientist merely is a ‘‘fact 
peddler.’’ Even a very liberal contem- 
porary clergyman thinks that ‘‘all or- 
ganisms are to him (the scientist) noth- 
ing but objects for observation and 
report,’’ and some scientists regard 


science merely as classified knowledge. 
If it be the latter, then it is mummified 
and ready to be labeled and exhibited 
in museums, side by side with other 
mummies and fossils. Since Berkeley 
regarded the abundance of fossils as the 
possible cause of scurvy and hypochon- 
dria among the British people, I am 
tempted to add that such a view as this 
of science should give others than the 
British, hypochondria. 

A mere collection of facts no more 
constitutes science than a collection of 
pigments constitutes painting. Facts 
are only the materials upon which and 
with which the mind of the scientist, as 
that of the humanist, works. The temple 
of science is, to be sure, constructed with 
facts as foundation units, but no build- 
ing can stand without mortar and none 
ever was shapen without the directing 
mind of an architect. Separate pig- 
ments alone can not make a Sistine Ma- 
donna and in the rearing of the temple 
of science the play of the imagination 
also had a large part. It too is the 
product of creative thought and here is 
one place where science and art meet. 

We judge the réle of art by the in- 
fluence of the final product, and not 
from the effect of the separate materials, 
and that also must be our attitude to- 
ward science. The scientist too is a poet 
—a creator—and breathes life into the 
facts which he discovers. He does not 
kill live facts, but discovers so-called 
dead facts and makes them live. He also 
has his ideal world and if poetry has a 
soul, then science too has one and who 
would deny that science has in the past 
set the soul of men aflame and that it 
shall do so in the future. The starry 
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sky has not lost, but gained in grandeur 
through the hand of science. Although 
‘astronomy has decentralized the 
world’’ it also has ‘‘revealed to us, as 
by an angel’s hand, the scope of the 
heavens and the import of the stars.’’ 

‘*The more a man knows, therefore, 
the more full of wonder he finds the 
world.’’ Were this not so, then the ox 
in the stall would stand in awe and 
wonder at the universe as much as man. 

Science does not, in the words of 
Chateaubriand, ‘‘ask man to live with a 
full heart in an empty world.’’ It does 
not destroy mysteries but fills the world 
with meaning. It is not a hod carrier, 
but a torch bearer. ‘‘Scientifie knowl- 
edge teaches us to hear the innermost 
soul of things vibrating in unison with 
our own souls, and it is just this which 
enables us to understand them and to 
absorb into our Ego the revelation of 
their true being.’’ According to Wil- 
bois ‘‘ Scientific life is then the first step 
towards loftier spontaneity ; invention is 
fulfilled in virtue.’’ Science can not 
know beyond this life, but there is noth- 
ing to prevent it from looking beyond. 
For it too ‘‘Omnia exeunt in myster- 
ium.’’ 

In the solution of every scientific 
problem many others are raised. Every 
new fact that is revealed suggests new 
relations and the existence of other facts 
not dreamt of before. Hitherto un- 
known facts and relationships are con- 
stantly being revealed and so the mys- 
tery always broadens and deepens. A 
geocentric universe held the cramped 
thoughts of men until a_ heliocentric 
universe displaced it, and this in its turn 
has given place to a truly staggering 
conception until infinity and eternity 
both stare us in the face. 

Science is daily making discoveries 
both in the direction of the infinitely 
small and the infinitely great until, as 
Abbott wrote, ‘‘Not the awful immen- 
sity, but the infinite complexity of the 
universe compels thoughtful men to feel 
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that there must be a creative intelligence 
behind it all.’’ Although I do not feel 
that complexity more than anything else 
should compel men to believe in the 
existence of a Supreme Being, I never 
have felt that science compelled any one 
to abandon such a belief. As Aliotta 
says, ‘“‘The rationality which science 
postulates in nature leads us to Divine 
Consciousness, aS a necessary comple- 
ment, because a reason, an objective sys- 
tem of concepts and ideal relations, with- 
out consciousness, is something we can 
not understand.’’ 

It is heartening that theologians have 
caught the larger meaning of science. 
The dean of St. Paul’s, for example, 
wrote recently: ‘‘Science is not, as some 
have erroneously supposed, a description 
of fact without valuation. Such a de- 
scription would be utterly impossible, 
and it should be superfluous to point out 
how widely the world, as known to 
science, differs from the final analysis of 
material objects into electrons or pro- 
tons.’’ The scientist must evaluate facts 
in determining their relationship and in 
trying to determine their significance in 
the world scheme. Whether beings are 
normal or abnormal is a vital matter to 
him, and organisms are more to him 
than objects for observation and report, 
if by that is meant that he merely is an 
amanuensis for nature, an automaton. 

I am not, to be sure, using the word 
science in the narrow, antediluvian, but 
in the broad, modern sense. The rough 
grouping of physical, biological and 
social sciences serves my purpose very 
well, provided it is not forgotten that 
the history, the development, and the 
philosophy of each are integral parts of 
them. So considered science has an 
inner, as well as an outer, content, and 
that, to be sure, it had from its begin- 
ning. Science in this sense assuredly 
does more than ‘‘turn our spindles, haul 
our goods, and coin our money,’’ and 
perchance relieve us of daily physical 
distress in the later days of life. 
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The most obvious surely are not the 
most ennobling effects of science. It 
has made contributions, not only to our 
material needs, but to our higher culture 
and, I confess, I have often envied 
critics of science the sweep and finality, 
as well as the assurance, with which their 
verdicts concerning it have been deliv- 
ered. They prompt one to counsel, ‘‘ Let 
us fold our tents and steal away, for 
there is nothing more to do. All is 
settled now.’’ I believe that the ex- 
planation for this confident derogatory 
attitude lies in the fact that some of 
these good people have not even realized 
the modest hope of Matthew Arnold, 
who avowed that he might care to know 
as much science as ‘‘he could conven- 
iently carry.’’ However ample in other 
respects, Arnold’s conveniences appar- 
ently were rather limited in this regard. 

In spite of the oft-cited confession of 
Darwin, devotion to science does not in 
itself imply indifference to literature, 
music and other fine arts or blind one 
to the fruits of friendly intercourse or to 
the great réle of religion as a social force 
and a personal guide and comfort. The 
scientist, as the artist, may be preoccu- 
pied with the field of his choice to the 
neglect of other interests, but he does 
this not because he is a scientist but 
because he is human. He probably is 
no greater an offender in this respect 
than the humanist, and it should not be 
forgotten that science as well as litera- 
ture, the fine arts and music also is a 
product of the human spirit. 

In the face of de Garmo’s warning, in 
the days of my young manhood, that 
‘‘we have labor for our pains if we look 
for the embodiment of ethical truths in 
nature and natural science,’’ I made 
bold to look for them long ago. Such 
pronouncements as de Garmo’s regard 
the study of science merely as a study 
of dead things, and exclude the social 
sciences. They overlook the fact that 
nature includes what is living as well as 
what is dead and that man, himself, 
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always has belonged to the study of 
science. ‘‘The end of science is not to 
attain to abstract laws, but rather to 
comprehend the facts of experience in 
the light of laws.’’ .. . ‘‘The essential 
thing is not to reproach scientific knowl- 
edge with the abstraction which is a 
practical drawback that can not be elimi- 
nated in the realm of philosophy’’ even. 

The mechanistic or any other one- 
sided conception of nature is only a par- 
tial view, and no matter how great the 
change wrought by the scientific method 
no one can claim that a completer view 
of nature would be hampering to future 
progress. Mathematical formulae and 
physico-chemical laws are inadequate in 
biology. To try to reduce everything 
to a mathematical basis well may reveal 
many undreamt of relationships to us, 
but it does not seem that it ever can give 
any one a full interpretation of living 
things for it begins with the assumption 
that life can be expressed in a formula. 
As Maxwell wrote: ‘‘There are many 
things in heaven and earth which, by the 
selection required for the application of 
scientific methods, have been excluded 
from our philosophy.’’ Nature assur- 
edly is not merely what a mathematical 
formula can state, but also what I can 
experience and can not say in words. 
The world of the mechanist, like that of 
the traditional religionist, is a make- 
believe world. Neither is real. 

Any one familiar with the history of 
science realizes that there has been a 
steady though gradual expansion of its 
domain. In the absence of scientific 
knowledge man had to depend wholly 
upon divinities for protection against 
famine, pestilence, overpopulation and 
war. He has learned better regarding 
the first two, and must do better about 
the last. Against famine, pestilence and 
overpopulation only science can win the 
battle, and when the evils and woes of 
strife will become sufficiently known, the 
hearts of men will be turned toward 
peace. The bare facts will displace the 
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gods also here just as soon as men fully 
realize the futility and comprehend the 
tragedy of strife. 

I know full well that Pallas Athene 
was endowed with a sword as well as 
an owl, but that does not excuse educated 
men from declaring that ‘‘the bulk of 
science and research only require accu- 
racy of observation, careful experiment 
and logical deduction, and a rascal can 
perform those requirements as well as 
an honest man.’’ In comment I should 
question the word only, and then add 
that a rascal also can read the Bible, 
can pray and preach, and indeed not 
infrequently does so, to very respectable 
people. Yes, a rascal can do that, but 
a fool can not. A high morality does 
not exist among degenerates. <A devel- 
oped intellect is essential to good con- 
duct. Not only that, but knowledge is 
necessary for right action in many 
things, for no matter how well developed 
an intellect may be, without the requisite 
knowledge no one can realize the proba- 
ble consequences of his acts. Good in- 
tentions alone will not necessarily pre- 
vent any one from committing anti-social 
or unmoral acts. 

It is said that only saints can lead a 
truly religious life, and I am certain that 
only sages can lead a truly scientific life. 
The bearings of modern science upon life 
are so manifold that the most conscien- 
tious will find themselves again and 
again unwittingly acting to the detri- 
ment of their fellows. Every one of us 
has had abundant occasion to say ‘‘I 
meant to do the right thing, but I did 
not know.’’ This, it seems to me, is a 
juster interpretation of many errors in 
conduct on the part of decent people 
than to hold that they knew what was 
right but did not do it. 

I know that it is customary to speak 
of this as a scientific age, and to regard 
ours as a scientific civilization, but that 
is a slander upon, as well as a tribute to 
science, for our age is scientific no more 
than it is Christian. We are not edu- 


cated scientifically even. A study of 
the courses taken by students at one of 
our foremost universities, for example, 
showed that only about one tenth of their 
time was spent on natural science in 
their entire progress from the kinder- 
garten to the end of college life. Were 
modern life not characterized by the lack 
rather than by the predominance of use 
of the scientific method, quackery could 
not find a multitude of patrons among 
all classes. We do not use but misuse 
science. In the words of Soddy, ‘‘We 
have fooled with the achievements of 
science.’’ Were science really heeded, 
some of the most perplexing and dis- 
tressing social problems would have 
found a better solution long ago. 

It has often seemed to me that it will 
be far more difficult to establish a scien- 
tific civilization than a religious one. 
Belief spreads easily, even when it con- 
cerns scientific things. It does not take 
long to believe that I-On-A-Co cures all 
ills, but it would take long indeed to 
prove it! Knowledge comes far slower 
than belief, for it is the result of in- 
dividual effort, of toil. It may have been 
this which caused Stevenson to say that 
the lamp of science smells terribly of 
oil, but it frequently is forgotten that 
he also added that its light shines very 
brightly. 

Science is slow and halting and can 
not hurry. It must be circumspect. 
Dogma, being ready-made, is always at 
hand. It knows none of the impedi- 
ments of science. Science encourages 
the suspension of judgment, not the 
abdication of it. It inculecates a judicial 
attitude, and by revealing man’s place 
in the world, teaches him humility and 
that should make for tolerance. It does 
not, it is true, invariably effect these 
things, but surely that is not surprising, 
for the far older humanities, and the still 
older religions, also have failed to do 
so. They too could not wholly overcome 
human frailty. 

I know that the open-mindedness, 
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freedom from personal bias, reverence 
and humility, ete., which science tends 
to cultivate, can only help to tell us what 
todo. They do not tell us to doit. They 
do not embody the categorical impera- 
tive. But let it not be forgotten that 
science declares that no one can escape 
the inevitable and that every one vio- 
lates the laws of nature at his peril. 
This is what the decalogue tells but I 
may violate the latter and supposedly be 
damned for it in a conjectural future 
life, while ‘f I violate a law of nature I 
will be damned for it here and now. 

Science supplies motives for right 
action and assures a better judgment. 
The conception of harmony and fitness 
in nature also tends to develop the moral 
sense—at least indirectly—and a study 
of living things, in many scales of life, 
does this directly. For science reveals 
the effects of acts upon the individual, 
as well as upon the community of beings. 
It shows how individual and community 
welfare are interrelated and achieved in 
nature and that includes man. It shows 
that happiness depends upon conduct in 
conformity with law—conduct that takes 
cognizance of group, as well as of indi- 
vidual, interests. That the only great 
concerns are community concerns, ‘‘the 
only great sorrows, public sorrows,’’ and 
that should make for unselfishness. It 
encourages integrity and a love of and 
a loyalty to truth, wholly regardless of 
the consequences. Even a critical writer 
such as Webb admits that ‘‘it is beyond 
question that scientific research is a 
school of many virtues, including some 
which religion in general and Christian- 
ity in particular, have not promoted,’”’ 
and Fosdick even declared that ‘‘ There 
is such a thing as the religion of science, 
where men at all costs and hazards live 
for the love of truth.’’ 

Two tenets of physical science, the in- 
destructibility of matter and energy, 
imply and constantly remind one of the 
eternal. Instead of a world which was 
created a few thousand years before 


Christ, and whose ending often was con- 
fidently anticipated in the past, science 
has given us a universe whose extent 
exceeds human comprehension, and 
whose age must be reckoned in countless 
eons. This in itself should arouse feel- 
ings of awe and wonder impossible with- 
out such conceptions, else an ox might 
experience them just as well as man. 

Science, too, has its heroes and its 
heroism, and the spirit of science is well 
exemplified in its great men. I can not 
imagine a better school for morals than 
the story of the development of science 
and its réle in past civilization. Ethical 
implications lie on all sides. As Aliotta 
well said, ‘‘Science is not the night in 
which all cows are black.’’ The teach- 
ings of science are not merely negative. 
They show that folly leads to ruin, that 
disuse leads to atrophy, and these are 
ethical principles of both philosophy and 
religion. The parable of the talents is 
embodied also in science and the teach- 
ings of science and the ethics of Chris- 
tianity coincide in many respects. This 
was pointed out by Huxley when he 
wrote, ‘‘Science seems to me to teach in 
the highest and strongest manner the 
great truth which is embodied in the 
Christian conception of entire surrender 
to the will of God. Sit down before the 
fact as a little child, be prepared to give 
up every preconceived notion, follow 
humbly wherever and to whatever abyss 
Nature leads, or you shall learn nothing. 
I have only begun to learn content and 
peace of mind since I have resolved at 
all risks to do this.’’ 

We call acts immoral because of the 
misery they cause, and moral if they 
promote the common good. Science 
alone can reveal the misery or the good 
to us or to others. Experience, to be 
sure, can do so, but its sphere necessarily 
is restricted to the individual, and we 
must learn to depend more upon the 
experience of others or history will teach 
us nothing. Our ideas of morals, as our 
gods, are self-created and changing. 
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Both are the product of human evolution 
and he was a wise man indeed who said 
that one knows a people by its gods. We 
evolved our morals and fashioned our 
anthropomorphic gods to suit ourselves. 
Neither was imposed upon us from with- 
out, although in so far as our morals are 
based upon the feeling of affection, of 
concern for others, they are instinctive 
in a sense, and in so far as the feeling 
of affection is not instinctive, it can arise 
only upon the basis of knowledge. 

The fact that science has revealed the 
existence of strife among living things 
has often been held against it, but it also 
has revealed the presence of altruism 
and the prevalence of harmony and 
unity in the universe. However, as long 
as strife exists it is well that humanity 
should know about it. Every one knows 
that a fool’s paradise can not endure, 
and only a fleeting happiness can be 
secured by thinking one’s self in heaven 
when one actually is elsewhere. More- 
over, it may be recalled that Spencer 


argued that altruism could never have 
arisen but for the existence of strife. 
That in order that half of mankind 
might be altruistic, the other half must 
be non-altruistic. 

Science deals with forces within, as 
well as with those without, the individ- 


ual. It demonstrates that there is no 
escape from the eternal forces of nature, 
and that collision with them means suf- 
fering and disaster, that happiness, on 
the other hand, lies in obedience to law. 
By demonstrating the existence of natu- 
ral law in the physical world, it has led 
to the conception of natural law in the 
spiritual world, and by revealing a uni- 
versal law and order among things, it 
has revealed harmony in the world and 
set its face like flint against lawlessness 
of all kinds. 

The idea of kinship in nature was 
established firmly by science, and this 
idea can not help but enforce the Chris- 
tian teaching of human brotherhood. 
Instead of teaching that man arose in 


perfection and lost it, and that he can 
look forward to none but evil days, 
science encourages men to take heart and 
to try to achieve a better day on earth. 
By giving him a better comprehension 
of his surroundings it has made man 
feel more at home in an inhospitable 
universe. As Wyatt put it, “It is 
science, and science alone, which enables 
the human mind to pierce the veil cover- 
ing the inner spirit of nature, and to see 
the glory behind the apparent shame.’’ 
It reminds him that he is not necessarily 
born good and free and happy, but that 
some of us are born short and others 
with evil impulses. It alone can reveal 
the relation between personality and life 
work, between the physiologic inheri- 
tance of men and their personal conduct 
and social influence. 

It has shown plainly that man’s lowly 
origin need not keep him from aspiring 
to perfection and it does not negate the 
noble command of the great Florentine: 


Know ye the heavenly seed from which ye came, 
Not for the lusts of beasts were ye compacted 
But that your minds and hearts be set to flame. 


However far it may be from its final 
goal, science bids fair to consider all 
things in the heavens and on earth, not 
excluding even the thoughts, the dreams 
and the hopes of men. As Aliotta has 
well said, ‘‘the scientist does not confine 
himself to the world of nature, but in- 
sists rightly upon submitting even re- 
ligion and religious feeling to serutiny.”’ 
It is useless to put up ‘‘No admission’’ 
signs. The activity of scientists is self- 
directed and also engaged in finding 
schemes which may serve as a guide in 
the complexity of the phenomena of 
experience. .. . Scientific truths are 
admitted by us that we may recognize 
that they are means for attainment of 
our ethical ends. Thus religion and 
science are reconciled in the common 
origin, which is always an act of pure 
will.’’ If this be true then science too 
makes for a broad and liberal outlook 
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of life and develops a sense of value 
which James, I believe, regarded as the 
aim of culture. It can not help but 
cultivate the critical sense which Arnold 
regarded as the main value of the study 
of literature and it constantly is reveal- 
ing the true and the beautiful, and 
stimulates the esthetic. I do not, to be 
sure, hold that all branches of science 
do these things to the same extent, or 
that they have this effect upon all who 
enjoy its fruits. It is a universal solvent 
of our perplexities no more than art or 
religion, but it surely gives us a fuller 
grasp of ourselves and of the world in 
which we live. 

This higher réle of science is what 
Berthelot called ideal science. It rises 
above mere observation and empiricism, 
and no matter what individual scientists 
may have thought, science always has 
had a higher content of value as well as 
a lower content of fact. It not only 
reveals the outer world to man, but re- 
veals man to himself. Yet, in spite of 
all this, Russell confesses that he is still 
doubtful whether science will prove to 
be a blessing or a curse to humanity, and 
a faddist and scoffer, like Coleridge, 
wrote, in all seriousness, ‘‘The motor car 
and the bicycle then are the two un- 
doubtedly beneficient inventions that 
science has conferred upon a world 
which it has otherwise physically de- 
faced and ruined, and morally degraded 
and defiled past hope, past cure.’’ 

Although Russell seems so doubtful 
about the réle and the future of science, 
he sees an only possibility for betterment 
in a world government established by 
force in order ‘‘to preserve a scientific 
civilization,’’ which if ‘‘once realized 
will gradually give rise to the other con- 
ditions of a tolerable existence.’’ Here, 
then, is a philosopher who maintains 
that science has had littie influence on 
our institutions and who as yet is doubt- 
ful whether it is a blessing or a curse, 
but who nevertheless proposes the use 
of force to establish this so-called doubt- 
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ful scientific civilization! Even if this 
civilization merely is tolerable, it must 
be confessed that other forces have failed 
to accomplish a better result; and if we 
are but ‘‘bundles of passions and in- 
stincts,’’ as Russell maintains, it is clear 
that nothing approximating a scientific 
civilization ever can be established, for 
science rests on reason, not on blind pas- 
sion and heartless instinct. 

As long as we regarded all diseases as 
visited upon us by the gods, we did not 
need to trouble ourselves about sanita- 
tion and its many serious problems and 
effects. As long as we regarded the 
insane as possessed of the devil, we 
could with clear consciences deride and 
stone them on the streets and have them 
perform for our amusement at wedding 
feasts. It required much earnest search 
before we learned that a dermoid of the 
ovary did not convict the unfortunate 
possessor—sometimes a mere child—of 
illegitimate sexual relations. Think of 
the brutal treatment and bitter persecu- 
tion of luckless little girls in the name 
of religion and morals for an accident of 
development in prenatal life! The im- 
portant thing is not that progress toward 
better things has been slow in these mat- 
ters, but that it came solely by the aid 
of science, and what we formerly re- 
garded or now hold to be right or wrong 
depends wholly upon the facts at our 
command. 

Science does not deaden but quicken 
our moral judgments. This has been 
true, not only in the above, but also in 
a multitude of other things. It is ex- 
actly in the many complicated relations 
of everyday life that the facts revealed 
by science help to determine our con- 
duct. Whether it be a personal question 
such as divorce because of incompatibil- 
ity ; of venereal diseases in the adult or 
the newborn; the presence of typhoid 
germs in milk; the disastrous breaking 
of a dam; the explosion of an oil truck; 
the oceurrence of pellagra, scurvy or 
beriberi in our asylums; the punishment 
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of crime ; the question of drug addiction ; 
the marriage of near relatives or defec- 
tives; or political questions such as mat- 
ters of government and international 
relations; in all these things the question 
of justice and right must be determined 
upon the basis of the facts. Our conduct 
must be determined by knowledge and 
reason, not only by feeling. Inspiration 
fails us and religion and ethics are help- 
less without a knowledge of the facts. 
Can any one, for example, imagine the 
difference to the world if peace treaties 
had been made on such a basis instead 
of that of feeling! 

No one could lead an even approxi- 
mately correct life to-day without the 
help of science. It gives us wider 


knowledge of our work-a-day world; 
and as morality is based largely upon 
reason and knowledge, it follows that 
science must remain one of the greatest 
of influences toward right action. Since 
it gives us a knowledge of ourselves and 
also of others, it must tend to increase, 


not to decrease affection, and in this 
way further influence morality. As long 
as I do not know that a certain act is 
hurtful to myself or to others, I will not 
be saved, except by painful experience 
or happy accident, of committing un- 
moral acts. But I can only learn of 
what is hurtful from knowledge and 
experience. 

It is strange that Webb held that 
science ‘‘subtracts from the ethical 
standards it surveys,’’ while stating 
that ‘‘the damaging criticism of men of 
science during the last two hundred 
years against the old rational theology, 
with its proofs of the existence of God, 
have antiquated a type of view which 
appeared reasonable to some of the 
greatest minds of an earlier age. ‘ 
The scheme, which satisfied the imagina- 
tion of Augustine and of Dante, of Mil- 
ton and Pascal, it is not indeed possible 
for us to accept as more than a symbolic 
picture. It is too late in the day to re- 
habilitate the credit of the ‘Book of 
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Genesis’ as a faithful record of the 
origin of the world and of mankind, or 
that of the New Testament eschatology 
as an accurate forecast of their future 
destiny.’’ Dean Inge—and other theo- 
logians—also declared that ‘‘the discov- 
ery that the earth, instead of being the 
eenter of the universe, like a dish with 
a cover over it, is a planet revolving 
around the sun, which, itself, is only one 
of millions of stars, has torn into shreds 
the Christian map of the universe,’’ and 
that ‘‘seience has made the belief in a 
geographical heaven and hell impossible, 
or at least very difficult.’’ Hence science 
apparently is doing exactly what James 
hoped for when he said that what most 
men need ‘‘is that their faiths should be 
broken up and ventilated, that the 
northwest wind of science should get 
into them and blow their sickness and 
barbarism away.’’ Indeed, who can fail 
to admire the courage and integrity of 
Mill in declaring: ‘‘I will call no being 
good who is not what I mean by good, 
when I apply the word to my fellow 
creatures, and if there is a God who can 
send me to his hell for not calling him 
so, to hell I go.’’ 

Science is helping to make new creeds 
long before the time referred to by Mor- 
ley when he wrote, ‘‘Science, when she 
has accomplished all her triumphs in her 
order, will still have to go back, when 
the time comes, to assist in building up 
a new creed by which man can live.’’ In- 
deed, this new creed is being built daily, 
although few scientists would go as far 
as Eliot when he declared that ‘‘There 
would be no perceptible influence on the 
morals of the race if Hell were quenched 
and Heaven burned.’’ 

Unless there is no relation between 
religious beliefs and conduct, science 
must have a very direct bearing upon 
eonduct also if only through its effect 
upon religious beliefs. It is true that 
science knows no closed book, that its 
content and meaning are constantly 
changing, but so is our conduct. The 
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moral of to-day was the immoral of 
yesterday. Science deduces nothing 
from absolute principles, and as Berthe- 
lot said, ‘‘What is deduced from abso- 
lute principles is an illusion. Whatever 
pretends to be supported on the abso- 
lute, is supported on nothing’’—unless, 
perchance, man could fathom the abso- 
lute. 

Since science speaks a universal 
language, and since the fruits of science 
can be universally used, it should carry 
its lessons and influence everywhere and 
also serve as a common bond among 
mankind. Goethe wittily suggested that 
what unites us is the common and not 
the distinguished. Only a world re- 
ligion could be a universal bond, and 
for that our greatest religious leaders 
see no hope. Men are, of necessity, 
much more likely to think alike in 
science. Religions have often been the 
cause of disunion in the past, and un- 
fortunately even to-day still separate 
rather than unite, nations or groups of 
peoples within the same nation. There 
are many kinds of religion, but only one 
universal science. 

Like Prometheus bound, science has 
cried out long and loud in protest 
against many social ills and a mass of 
avoidable evil and woe that beset us. 
Many of us have had deaf ears because 
of a lack of comprehension of ourselves, 
of our fellows and of the conditions 
under which we live. In the last analy- 
sis I can not doubt that a wiser human- 
ity will mean a kindlier humanity. 
Ignorance and brutishness go hand in 
hand. We shall no longer put little 
children to ‘‘hurtful labor’’ when we 
have a fuller knowledge of what that 
means to them, to us and to posterity, 
and when we shall recognize frankly 
that children are the result of our own 
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acts rather than accidents or a gift of 
the gods, we shall feel responsible for 
the use we make of our procreative pow- 
ers in wedlock as well as out of it. 

In the words of Carrere, ‘‘For thou- 
sands and thousands of years poor 
humanity has dragged itself over the 
earth in pursuit of a happiness that ever 
recedes before it like a mirage; for long 
ages men, races and empires have 
clashed, urged on by a destiny of which 
none of us yet knows the secret; from 
the dawn of time we have held up to 
heaven hands that implore unceasingly 
and begin ever anew; during the whole 
of time we have struggled and stumbled 
through the bloody darkness,’’ but who 
would deny that but for science this 
darkness would be ‘‘bloodier’’ still? I 
am not as confident about the future 
influence of science as Renan, but when 
a happier day shall dawn, I doubt not 
that science will have had very much to 
do with lighting the way, even if it has 
not been an open sesame to it. Science 
alone probably can not save us, but it 
is very unlikely that theology alone can 
do so, even after being freed from dross. 
It is more than likely that man shall 
need all the resources at his command in 
order to round out his little day on 
earth in freedom, peace and happiness. 
Science may free us from all the dead 
weight of traditional theology, bui if we 
will ‘‘strip ourselves of all that we owe 
to science’? then we may undoubtedly, 
as Voltaire said to Rousseau, ‘‘again 
live on all fours.’’ Indeed, many of our 
fellow-men, both primitive and civilized, 
seem to prefer this unscientific attitude 
in our own time, but as for me, I prefer 
to say with Carrere, ‘‘I have been in 
their huts, have smelt their dung heaps. 
No thank you.’’ 
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THE ELEMENTS AND SAFEGUARDS OF 


SCIENTIFIC THINKING 


By Professor ELLIOT R. DOWNING 
UNIVERSITY OF CHICAGO 


Tue teacher of science has an unex- 
celled opportunity to develop in pupils 
skill in that type of thinking called 
scientific. As Dewey points out, science 
is quite as much a method as it is sub- 
ject matter. The teacher who fails to 
drill pupils in the scientific method is 
not doing his whole duty as a teacher << 
science. 

We are forced to think only when 
facing a problematic or, as Dewey aptly 
ealls it, ‘‘a forked road,’’ situation. It 
behooves the science teacher then to 
throw much of his pupils’ work into 
problem form: just how much will de- 
pend on the relative importance he 


assigns to skill in scientific thinking, to 
scientific knowledge and to apprecia- 
tion. 


ELEMENTS OF ScrENTIFIC THINKING AND 
THEIR SAFEGUARDS 


The teacher who endeavors to direct 
pupils in acquiring skill in scientific 
thinking must have a clear-cut notion of 
the elements that constitute such think- 
ing; he must be on the alert to detect 
and correct the errors that pupils are 
most likely to make in the process. The 
elements of scientific thinking are essen- 
tially the same as for any reflective 
thinking. It is by the increasing aware- 
ness of the safeguards that must be 
thrown around the successive steps in 
the thought process that science has 
made its thinking constantly more 
cautious. 

The following outline will present 
these elements and safeguards: 


Elements of scientific 
thinking 
Purposeful observation 


Analysis—Synthesis 


Selective recall 


Hypotheses 


Verification by infer- 
ence and experiment 


Reasoning by: 

1. method of agree- 
ment 

2. method of differ- 
ence 

3. method of resi- 
dues 

. method of con- 
comitant vari- 
ation 

. joint method of 
agreement and 
difference 
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Safeguards 


. must be accurate; 


must be extensive; 

must be done under 
a variety of con- 
ditions. 


The essential ele- 
ments in a prob- 
lematic situation 
must be picked 
out. 

Dissimilarities as 
well as similari- 
ties must be re- 
garded. Danger 
of analogy. 

Exceptions are to 
be given special 
attention. Selec- 
tive interpreta- 
tion. 


A wide range of 
experience is nec- 
essary. 


All possible ones 
must be consid- 
ered. (Fertility 
of suggestion. ) 

Inferences must be 
tested experimen- 
tally. 

Only one variable 
is permitted. 


Data must be co- 
gently arranged. 

Judgment must be 
passed on the 
adequacy of the 
data. 


. Judgment must be 


passed on the 
pertinency of 
data. 
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Elements of scientific 


thinking Safeguards 
Judgment n. must be unpreju- 
diced ; 
o. must be  imper- 
sonal ; 


p- must be suspended 
if data are in- 
adequate. 


RECOGNITION AND DEFINITION OF A 
PROBLEM 


It is evident that two things must pre- 
cede the solution of any problem, 
namely, the recognition of the problem 
and its definition. It is only when the 
student is facing a clearly-defined prob- 
lem that his observation will be pur- 
poseful. 

The initial task of a physician is fre- 
quently simply the job of defining a 
problem. A man comes to his office to 
consult him who only knows he is losing 
his custumary vigor. He has no par- 
ticular pain, sleeps and eats fairly well, 
but just does not feel like his old self. 
He tires rather easily. He has had sev- 
eral colds during the past winter when 
formerly he rarely caught one. He does 
not know what ails him, or that any- 
thing really ails him; yet he does not 
feel fully energetic. So the physician 
proceeds to give him a thorough exami- 
nation. He takes his pulse and tempera- 
ture and finds both apparently normal. 
He uses his stethoscope to listen to res- 
piration and heart beat. There are no 
signs of trouble. He takes his blood- 
pressure, makes a blood count, analyzes 
the excretions. He finds nothing sus- 
picious. He X-rays his teeth and so 
discovers bad pus sacs on the roots of 
some dead molars. The indefinite prob- 
lem of the patient’s malaise now becomes 
a perfectly definite one of how to best 
rid him of some badly-infected teeth. 
The patient knew he was facing a prob- 
lematic situation. The doctor has clearly 
defined the problem. 

A man who is conducting a previously 
successful manufacturing business be- 
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gins to be aware that something is wrong. 
His monthly trial balances show de- 
creasing profits. He runs on for some 
time hoping things will take a turn for 
the better, but no improvement comes. 
Unable to locate his trouble, he perhaps 
calls in an efficiency expert. All he can 
tell the expert is that something is 
wrong—just what it is he can not say. 
So the expert looks into the sources of 
raw materials, their initial cost and the 
cost of delivery at the plant. He goes 
over the factory and examines all the 
items that enter into the cost of produc- 
tion. He looks into the location of the 
markets where the product is sold, the 
cost of shipment, the expense of the sales 
force. Possibly he finds production costs 
are excessively high and on analyzing 
the various items discovers that the daily 
output of certain essential machines per 
man employed on them is low as com- 
pared with other similar factories with 
which he is familiar. The machines are 
old and inefficient. The indefinite prob- 
lem, merely that something ails the busi- 
ness, now becomes the very definite one 
of the replacement of these antiquated 
machines with modern models. 

Aloisio Galvani (1737-1798), a physi- 
cian and professor at Bologna, was pre- 
paring frogs’ legs for his wife. She was 
ill with some stomach trouble and this 
delicacy had been prescribed for her. 
He had skinned a number of the frogs’ 
legs and had laid them on the table when 
he was called out of the room. A student 
of his was experimenting with a fric- 
tional electric machine on the same table. 
His wife happened to touch a scalpel to 
the nerve of a frog’s leg when a spark 
jumped from the electric machine to the 
scalpel and the leg twitched violently. 
She related this to Galvani. He recog- 
nized in this a problem, not merely a 
curious fact. He tried to get additional 
facts. He hung frogs’ legs on iron wires 
on an iron trellis in his garden while a 
thunder storm was in progress. The legs 
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twitched violently. He laid frogs’ legs 
on metal plates indoors and touched the 
nerve with one end of a wire, the other 
end of which was in contact with the 
metal plate. Again he observed the 
twitching of the legs. When, however, 
he laid the legs on a glass plate and used 
a glass rod to connect the plate and the 
nerve, there was no twitching. In these 
experiments he was trying to define his 
problem which finally shaped itself into 
the question whence came the electricity 
in these frogs’ legs? He later decided, 
erroneously, that it was generated in the 
nerves. In spite of a wrong solution he 
had seen and defined a problem. 

One wonders in looking back over the 
history of discovery that men were so 
slow in making discoveries that now seem 
readily apparent. Of course ‘‘hind- 
sight’’ is notoriously easier than ‘‘fore- 
sight.’’ Yet much of the difficulty has 


come from failure to see that there was 
a problem and failure to define it clearly. 
When even physicians believed that dis- 


ease was a dispensation of Providence, 
there was possible no problem concerning 
acure. Suffering and death were the 
inevitable lot of man and unquestion- 
ingly accepted as such. When ‘“‘sore 
throat’’ included such diverse things as 
scarlet fever, diphtheria and measles, 
the problem of a cure could not be un- 
dertaken, for the problem was not clearly 
defined. Typhoid and typhus fevers 
were confused for a long time and could 
not be successfully treated or a cure dis- 
covered because the problems involved 
were not clearly defined. The recogni- 
tion that a problem exists and a clear 
definition of it are absolutely essential 
steps. It is immensely important to de- 
velop in pupils the problem-seeking, 
problem-defining attitude of mind. 


Historic INSTANCES OF SCIENTIFIC 
THINKING 
The history of science is replete with 
many instances of the interplay of these 


elements in the solution of problems. 
Convex lenses were known from very 
early times. The Greeks certainly used 
them as burning glasses. When lenses 
were used as spectacles and in the micro- 
scope and telescope in the early seven- 
teenth century, the problem of exactly 
how they affect the light passing through 
them was forced upon the attention of 
the early scientists. Many experiments 
were performed, using lenses of varying 
curvature, both convex and concave, 
passing a beam of light into glass so it 
struck the surface at various angles and 
noting the amount of bending or refrac- 
tion. So a body of fact was accumulated 
by purposeful observation. Such experi- 
ences were analyzed to pick out relevant 
essentials. Reasoning on the basis of 
these led to the tentative hypothesis 
that there is a relation between the angle 
of incidence and that of refraction, such 
that the greater the former, the greater 
the amount of refraction. This principl 
was confirmed by additional experi- 
ments; so the judgment stood as a bit of 
new knowledge. 

But could this relationship be ex- 
pressed more exactly? Kepler continued 
the experiments and from a study of his 
data surmised that when the light passed 
from air into glass, the angle of refrac- 
tion was half again as great as the angle 
of incidence. Repeated experiments con- 
firmed this law, if the angle of incidence, 
that is the angle between the entering 
beam of light and a line perpendicular 
to the surface at its point of entrance, 
did not exceed 30°. Still later Snell and 
Descartes discovered, by more careful 
experiments and more exact thinking, 
the present statement of the law that the 
sine of the angle of incidence bears a 
constant relation to the sine of the angle 
of refraction, which relation is always 
the same for any given medium; and 
again this statement of the law of refrac- 
tion was at first tentatively held merely 
as a hypothesis, but was confirmed by re. 
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peated experiment. The law was now 
definite and exact. 

Then, in 1690, Huygen’s ‘‘Traité de 
la Lumiére’’ was published in which he 
explained this, together with other laws 
and phenomena of light, on the basis of 
his wave theory. At first, this theory re- 
ceived scant consideration, for Newton’s 
corpuscular theory had general credence, 
but as it was seen how well the theory ex- 
plained refraction, dispersion, polariza- 
tion and other light phenomena, it was 
generally adopted. Thus has scientific 
knowledge advanced from principles, ex- 
pressive of relationships, to laws, in 
which the relationships were expressed 
with mathematical precision, to theories 
that give a basis for the understanding 
of many laws. 

The labors of the alchemists had re- 
sulted in the discovery of a good many 
chemical substances and of methods for 
their preparation. Such knowledge was, 
however, a by-product of the main pur- 
By the sixteenth 


poses of the alchemists. 
eentury, such chemical substances and 
processes were becoming of sufficient 
value in medicine, industry and the arts 
to make the knowledge concerning them 


worthwhile for itself. Robert Boyle re- 
jected the old Aristotelian notion of the 
four elements, earth, air, fire and water, 
and substituted the concept that an ele- 
ment is a substance that can not be fur- 
ther subdivided and that these elements 
unite to form compounds. It was not 
long before chemists began to wonder if 
there was any definite and fixed way in 
which these elements unite. They began 
to sense a problem and one with many 
practical bearings. For instance, in the 
reduction of iron ore, should the ore, the 
limestone and the charcoal be put into 
the furnace in definite proportions? If 
so, what were the proportions? To solve 
problems of this type, chemists began 
gradually to accumulate facts. Bergman 
found that one hundred parts by weight 
of silver precipitates out one hundred 


thirty-five parts by weight of 
cury, from a neutral solution of t 
ter substance. 
there was some sort of a definite relat 
ship in the interaction of acids and | 
Richter showed that it always 
definite amount of a given base t 
tralize a definite amount of a given 
This principle that chemical acti 
on in perfectly definite ways was ery 
lized into the law of definite prop 
of Proust and the law of multip] 
portions of Dalton. At first, o1 
these laws were »vroposed as hy Dp 


Cavendish found 


It was only as *’:2y were substant 
by the numerous facts brought out 
periment that they advanced 
standing of proven laws. Then Dal 
took a long step forward when 
plained these laws on the basis 
atomic theory. 

Long before the time of Greg 
del, facts concerning heredity had 
dered clear to mankind the princip| 
there is a definite relationship bet 
the characters of parents and of thei: 
spring, but Mendel ay preciated the 1 
of discovering some exact statement 
this relationship, a real law. He r 
nized that only when such a law 
available could breeders proceed 
any certainty to produce better plant 
and animals. It was this problem of t 
practical breeder that he perceived ai 
clearly defined. So by extensive, pur- 
poseful experiments in erossing garde! 
peas, he proceeded to collect facts. Thes 
he studied to find, if possible, some sig 
nificant relationships. He analyzed t 
complex data, picked out the essentials 
and synthesized a new idea. He thought 
he found that one of a pair of antago- 
nistie characters (like tallness and short- 
ness of the vines) dominated in the c! 
dren. And in the grandchildren there 
was a definite ratio of three individuals 
manifesting the dominant character ' 
each one that showed the recessive. This 
tentative hypothesis was tested by addi- 
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nal erosses involving other characters. 
ns of thousands of offspring were 
red. The added facts confirmed the 
nelusion he had first reached. So he 
t that the facts warranted the state- 
ment of his law as a well-reasoned judg- 
nt. Much later, by similar process of 
ific thinking, came the theory ot 
gene to account for Mendel’s law and 
ts extension to the phenomena of link- 
factorial inheritance, ete. 


Tyres OF REASONING IN SCIENCE 
As has been repeatedly pointed out, 
re are at least five types cf reasoning 
n the inductive thought process; (a) the 
thod of similarities, (b) of differences, 
of similarities and differences, (d) 
concomitant variation, (e 
ies. (Mill’s 

k ITI.) 


If, in a changing 


resl- 


Ol 
*‘ecanons’’—See his Logic 
group ot possible 


Juses, one is constant and one effect is 
mstant in a changing 
that eause is the essential antecedent of 


» effect. Thus Koch found that no 


group of effects, 


tuberculous patients might be, the 
tubercle bacilli were always present in 
their organs, and no matter how variable 
their later behavior might be, death from 
tubereulosis was the constant sequence. 
He therefore concluded that the tubercle 
bacillus was the cause of the disease. 

b) If, in a group of possible causes, 
ne is always absent, and one effect in 
the group of effects is also always absent, 
the absent effect is the consequence of the 
absent cause. So Koch reasoned that 
since, when the tubercle bacillus was ab- 
sent in an animal or a human, death with 
the characteristic symptoms of tubercu- 
losis never ensued, the tubercle bacillus 
was the cause of the symptoms and the 
consequent death. 

¢) Combination of these two lines of 
argument constitutes the method of 
similarities and differences. The com- 
bined method is evidently not always 
possible. 
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Uranus could not be all 
the 
heavenly bodies. 


irregularities of iovem 
accounted 1 


the 


It was necessary, there- 


known attractions of 
fore, to hypothecate the presence of 
unknown planet to account for 
regularities. From these, its mass and 
position were calculated and the planet, 
Neptune, d located 
reasoning on the met] residues. 
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THE ELEMENTS IN 
SCIENTIFIC THINKING 


SAFEGUARDS OF 


(a) Ideas of Accuracy 

It is very desirable to inculcate pupils 
with ideals scientific accuracy. In 
the history of science there are many in- 
stances in which even the masters have 
failed because of their lack of accuracy 
or have succeeded because of their in- 
sistence upon it. When Kepler under- 
took to determine the form of the orbits 
of the planets, he based his work on the 
observations of Tycho Brahe who, for 
many years, had recorded the positions 
of the planets. It was because these ob- 
servations were accurate and extensive 
that Kepler determined the orbits to be 


of 
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ellipses and later discovered the laws of 
planetary movements. 

De Saussure thought he saw the mi- 
croscopie animalcules reproduce by fis- 
sion and so reported the fact. But Ellis, 
an Englishman, denied this, claiming 
that the young came out of the body of 
the parent. He said he was able to see 
the children inside the parent and even 
the grandchildren inside the children. 
Spallanzani put » drop of broth swarm- 
ing with infusoria on a glass slide; near 
it he put a drop of pure water. He 
connected the two drops by a tiny bridge 
by drawing the broth out with a fine 
brush until it connected with the drop 
of water. Under the lens he watched 
this bridge until he saw one animalecule 
swim over into the drop of water. He 
then wiped the bridge away and sucked 
the drop of water with its one animal- 
cule up into a fine glass tube. He 
watched this one animal continuously, 
saw it divide and the two offspring re- 
divide. This he did again and again 
until he was sure that de Saussure was 
right. 

When Pasteur went down to Alais to 
study the silkworm disease that was 
destroying the silkworm industry of 
Southern France, he found that the silk- 
worm moths and their eggs and even the 
worms had in them hordes of tiny 
globules. This was merely the confirma- 
tion of a discovery that had been made 
earlier by another student of the disease. 
Pasteur told the farmers to examine the 
fat under the skin of father and mother 
moths after the eggs were laid, and if 
none of these little globules were found 
in the fat, the eggs would be healthy and 
would hatch out into worms that would 
also be healthy. The farmers followed 
Pasteur’s directions, but a great many 
of the worms still died of the disease. 
Pasteur had thought that if the moths 
were infected, the fat bodies would show 
the globules. His later and more ac- 
curate observations proved that it was 
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necessary to examine the fluids 
several parts of the moth’s body, for ; 
little living organism that 
disease might be found in certain pay 
and not in others. It was inacey 
that led to his early failure in direct 
the farmers how to combat the diseas 
So in modern times we find Prof 
Michelson spending years in a seri 
experiments to determine the velocity 
light, refining his experiments 
after year so as to make the determi 
tion with exceeding accuracy. Dr. P 
R. Heyl, working at the United 
Bureau of Standards, has just finis moaer 
an accurate determination of the g { pre 
tational constant. Newton’s Law sta: uracy 
that the attraction of gravity increa 
with the mass of the attracting b 
and decreases as the distance betwe b 
them becomes greater. If the figures 


caused 


f the 


gaivan 
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representing the masses be multi) The st 
together, the product divided by the 
tance and the quotient multiplied by t 
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gravitational constant, an expressio1 
the gravitational pull between the tw 
bodies is obtained. Since it is importan 
that this be determined with exactit 
in mechanics, both terrestrial and ce 
tial, this gravitational constant is 
important factor. An_ Englishr 
Nevil Maskelyne, tried to determin 
in the eighteenth century by suspending 
a metal ball of known mass besice 
mountain whose mass could be estimated 
The metal ball is drawn out of plum! 
by the attraction of the mountain 

by measuring the amount of this deflec- 
tion, the gravitational constant was 
termined. The method was not 2 
accurate one, however. The latter part 
of the same century, Henry Cavendish, 
also an Englishman, devised a more re- 
fined method. A light but rigid bar was 
fixed at its midpoint on top of one « 
of a vertical wire, the base of which ™ and th: 
also firmly fixed. Small balls of equa! be usec 
mass were fixed to the end of the ! tive ag 
zontal rod. Near these balls wer 


were 0) 
a ids v 
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if the 
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judgme 
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placed large metal spheres of known 
mass. The mutual attraction of the 
large spheres and the small ones tends 
to twist the vertical wire. <A tiny mirror 
was fixed at the top of the wire so that 
a beam of light was reflected from it to 
the wall of the room. A very slight 
twist in the wire made a large displace- 
ment of the spot of light on the wall. 
It is this method that Dr. Hey! has also 
ysed with every precaution to measure 
the deflection with great exactitude. 
The figure obtained is now 6.664. Much 

f the rapid advance of science in the 
modern period is due to the invention 
f precision instruments that make ac- 
euracy possible, like the thermometer, 
galvanometer and spectroscope. 

b) Observation must be Extensive 

Observations must also be extensive. 
The student must be aware of the dan- 
ver of drawing conclusions from a sing!e 
nstance, or from a few instances. The 
term oxygen means ‘‘acid former’’ and 
for a long while it was thought that the 
combination of certain substances with 
xygen produced acids and that acids 
were only so produced. Later, however, 
acids were discovered that contained no 
xygen. The whole idea of the nature 
of the acid was, therefore, wrong in the 
time of Lavoisier, due to the fact that 
judgments were based on a limited num- 
ber of eases. 

William Smith was an English sur- 
veyor whose profession necessitated his 
traveling all over England. He was 
also interested in fossils and collected 
these in many localities and took careful 
notes on the character and relationships 
i the strata in which they occurred. It 
was these extensive observations that 
enabled him to see that strata with like 
lossils were formed contemporaneously 
and that the fossils in the strata could 
be used as guides in determining rela- 
tive age of the deposits. 


Observation under Varying Condi- 
tions 


(c) 


Observations need to be made under a 
variety of conditions. Newton desired, 
if possible, to make a telescope free from 
chromatic aberration; that is, one in 
which the image would not be 
rounded by a halo of color. He knew 
that light passing through a lens is 
broken up into its component colors just 
as it is in passing through a prism. He¢ 
thought it might be possible by a com- 
bination of lenses to overcome this de- 
fect. To test the possibility of this, he 
put a glass prism in a prismatic vessel 
filled with a sugar of lead solution. The 


sur- 


apex of the glass prism pointed in the 
opposite direction from the apex of the 


prismatic vessel. His idea was that one 
prism might undo the dispersive effect 
of the other. He found, however, that 
the light after passing through both 
prisms still showed color bands and con- 
cluded that the achromatic lens was im- 
possible. If he had varied the condition, 
however, using a variety of solutions, he 
would have discovered that solu- 
tions would correct the dispersive effect 
of the prism much more than 
others and might, then, have hoped to 
find one that would correct the trouble 
entirely. Due to this failure of his to 
vary the conditions under which he 
worked and due to the great weight of 
his authority, the discovery of the 
method of making the achromatic tele- 
scope lens was delayed for more than a 
century. 


some 


glass 


(d) Picking out Essential Elements 

In facing a problematic situation it 
is necessary to analyze the elements in- 
volved and to pick out that are 
its solution. It is pathetic 


those 
essential in 
to see how the old medical men in the 
days before the discovery of the germ 
nature of disease were groping around 
in the dark trying to find the essential 
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elements in the problem of the cause of reported finding many worms, wh 
disease. It was thought that malaria one on duty by day reported very 
was due to inhaling the damp night air It was this striking difference that py 
of swampy regions. Typhoid fever was Manson think that the agency that t) 
supposed to be due to decomposition of mits the worm from person to pers 
organic matter; thus the outbreak in was probably active by night and s 
New York late in the eighteenth century the worm inhabits the blood. 
was thought to have been caused by a_ probably some bloodsucker. This 1 
boatload of water-soaked coffee brought him suspicious of the mosquito. E 
from Brazil and dumped on the wharf ination of the mosquitoes found 

to rot. Wolf* relates that in a certain hospital wards confirmed his sus; 
hospital in Dublin many deaths occurred It was the carrier of the filaria 
among the patients located on the first that caused elephantiasis. 

floor of the hospital, while few died in Yet reasoning by analogy is sa 
the second floor ward. It was concluded adequate experimental check is m: 
that for some unknown reason the first the conclusions. Franklin was stru 
floor was very unhealthful. One essen- the similarities in the electrical disc] 
tial element in the situation had been from a Leyden jar and lightning. 
overlooked, however. The hospital por- gave light; both ran a crooked co 
ter was in the habit of sending all both made a erackling noise, dest 
patients upstairs who could walk up, life, were accompanied by a sulphw 
while those who were too sick to climb smell. But he tested his hypothesis t 
the stairs were put in the ward on the they were the same by his famous 
first floor. experiment. 


(e) Importance of Dissimilarities (f) Exceptions Always Significant unrels 
The student of science must be aware Exceptions to the general rule always sugges 
of the danger of basing conclusions on need careful consideration. The old “arbol 
similarities alone. Quite frequently it is adage that the exception proves th system 
the differences that are manifest that uses the term ‘‘prove’’ in the sens the di 
give a clue to the solution of the prob- test. The exception tests the rule, until 
lem. Basing conclusions on similarities frequently strains it to the breal high f 
alone has led to many errors and is the point. When Bateson crossed two w! Ab 
basis of the well-known danger of rea- flowered sweet peas and obtained pu: enable 
soning by analogy. Familiar examples flowered offspring, he discovered Uxtor 
are the common notions that the whale exception to Mendel’s Law that nec solve a 
is a fish, that a bat is a bird. tated the modification of that law, w Many 
Sir Patrick Manson, usually regarded known now as the factorial hypothesis positio 
as the ‘‘father of tropical medicine,’’ That same law was again under necessi 
was in charge of a hospital in Formosa. of modification when the exceptio! 
While on leave of absence, he read of behavior of sex-linked characters ¥ 
Lewis’ discovery of the filaria worm in considered. The student of science must 
the blood of man. When, in 1875, he learn not to ignore exceptions, but to p: 
returned to China, he instructed two of special attention to them. 
his native helpers how to examine the 
blood of native patients for these worms. (zg) Wide Range of Experience 


One of these, who was on duty by night, The value of a wide range of expt 


every 
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1 Wolf, A. ‘‘The Essentials of Scientific emcee as a basis for selective recall 1 amen 
Method.’’ Macmillan. constantly evident in the history 
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science. Joseph Lister was a surgeon in 
+he Edinburgh Infirmary when gangrene 
was rampant and septic poisoning killed 
, high percentage of the patients. In 
Munich it was estimated that eight out 
f ten people operated on died of gan- 
erene. Lister knew that gangrene was 
The very 

lor in the hospitals was evidence ot 
But what was the cause of the 
nutrefaction ? When a_ paper of 
Pasteur’s fell into his hands, showing 
at putrefaction was caused by 


nutrefaction of the flesh. 


micro- 
‘anisms, Lister saw at once that gan- 
serene was something that attacked the 
natient from outside and that it was not 
‘in the blood’’ as was formerly sup- 
sed. He recalled that in the 
Carlisle the sewage was freed of its vile 


city ot 


lor by mixing it with carbolie acid; 
presumably then the ecarbolie acid de- 
stroyed the germs of putrefaction which 
was going on in the sewage. It was this 
ability to enll out of his broad experi- 
ence this incident, apparently entirely 
unrelated to hospital practice, which 
suggested that wounds be treated with 
arbolie acid. The suggestion led to his 
system of antiseptic surgery that reduced 
the death rate in hospitals amazingly, 
until it was a mere vestige of its former 
high figure. 

A bit of experience, while out sailing, 
enabled James Bradley, 
Oxford in the seventeenth century, to 
solve a perplexing problem in astronomy. 
Many of the stars seemed to shift their 
position about twenty seconds of are 
every year. He could not see why. 
While sailing he noticed that the 
weather vane on the mast shifted its 
position each time the boat changed its 
course. He thought, at first, that the 
wind must be veering, but the boatman 
said the direction of the wind was con- 
stant, but the vane took a direction due 
to both wind and the direction of motion 
of the boat. Then Bradley saw that the 
apparent position of a star would be 
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determined by the di 
light from the star 
the direction an 

earth in its orbit ab 


ay + 
al 


There 
the necé SSIT} of 
hypotheses in Spa 
on spontaneous 
found that many : 
peared in mutton brot 
latter had been 


tightly-corked 
he said, 


seeds like pe as. 


happened 
sealed the necks of 

thinking that possil 

not be set tightly 

micro-organisms in the 

getting in. After the flasks were sealed 
he kept them and their contained souy 
hour. When, 
days afterwards, these were opened 


the examined, no living 
were 


in boiling water for an 


soup 
found. But Needham sai 
when soup was thus boiled for 
a time the ‘‘ vegetative force’’ wl 
contained was destroyed. So 


ran he | 


spa 
zani boiled some of his soup for ar 
hours, 
flasks whose necks wer 
He examined the 
a few days later and found more ot 


some for two and put 
merely 
contents of the flasks 
micro-organisms in the soup that ha 

been boiled than in that 
which had been boiled only one. He 
also baked hey 


were charred almost black, so as to « 


two hours 


beans and peas until they 
stroy any ‘‘vegetative force’ 
might contain, but made 


these and allowed to stand yiel 


from 


soup 
( 
living organisms, just as well as thi: 
from the fresh seeds. Again, however, 
Needham objected that the elasticity of 
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the air was destroyed in Spallanzani’s 
flasks and that the organisms could not 
exist without normal elasticity. Spal- 
lanzani drew out the necks of the flasks 
in a hot flame without sealing them. 
He then put these flasks into boiling 
water and left them for an hour or more. 
Then when they had cooled, he sealed 
the tiny opening at the tip. When 
these flasks were opened in due course 
of time, no living organisms were found 
in the broth, although the air pressure 
in the flask was greater than that out- 
side, for when the tip of the flask was 
broken, a flame placed near the cpening 
was blown away by the escaping air. 
One hypothesis after another had to be 
considered and each disproven before 
Spallanzani felt convinced that there 
was no such thing as spontaneous gen- 
eration. One who is familiar with the 
history of this idea knows that after the 
time of Spallanzani, other hypotheses 
had also to be considered and disproven. 


(i) Test the Inferences from Hypotheses 

Hypotheses must be verified experi- 
mentally always, if possible. A chance 
experience of Oersted’s (1819) showed 
him that a current of electricity passing 
through a wire held parallel to and 
over a compass needle causes the needle 
to be deflected. Argo found that a wire 
through which a current is passing at- 
tracts iron filings. Possibly it is to be 
considered a magnet. Two such wires, 
then, Ampére thought, should attract 
each other like magnets. He confirmed 
his inference by experiment. Then 
Michael Faraday said that if the current 
in the wire makes the magnetic needle 
move, a moving magnet should produce 
a current in a nearby wire. This infer- 
ence he tested and found true. 

Heat was, by the earlier physicists, 
thought to be a material substance, 
caloric, that was taken on when a body 
became hot and given off when it cooled. 
Rumford inferred then that a body 


should gain in weight when heated. H, 
weighed a cannon that was to be bored 
and the boring tool. They were weighed 
again when the boring was done. Bot} 
cannon and tool were made very hot | 
the boring, but neither had gained 
weight. In this case the calorie hypot 
sis was not verified and Rumford ¢ 
cluded it was untenable. 


(j) Allow Only One Variabli 

It is exceedingly important that in ; 
experiments to test the inferences from 
an hypothesis or for that matter in an 
experiments, all factors be kept constant 
except the one variable whose effect 
being tested. Some of Pasteur’s op) 
nents, unconvinced that the 
were the cause of anthrax, drew blo 
from a sheep that had died of the dise 
and injected some of this into rabbit 
These rabbits died promptly, altho 
no anthrax bacteria were to be found i 
their bodies, showing, to their way 
thinking, that the bacteria had nothing 
to do with the death of the sheep. But 
they had waited so long before introdu 
ing the sheep’s blood into the rabbit's 
that putrefactive changes had developed 
poisons that killed the rabbits before th 
anthrax germs had a chance to multipl 
A whole set of new variables had arise: 
that vitiated the results of their expe. 
ments. 

Falk in his ‘‘Principles of Vital Sta- 
tistics’’ quotes an experience of Dr 
Vaughan that shows to what ridiculous 
conclusions one may be led by using 
data involving a number of varia! 
‘In 1888, at an international medica! 
congress, I ventured to offer a paper in 
which I suggested that summer diar- 
rheas of infancy might be due to poison- 
ous milk. When the paper was opened 
for discussion a learned, elderly n 
arose, and after making some feeb! 
complimentary remarks directed to 
writer, proceeded to demolish all his 
claims, and finally he suggested that 1! 


bacteri 
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infantile mortality, which was be- been primarily 
ing greater and greater every year, ever operating s 
| be attributed to the more common same yesterday, 
the baby perambulator because, produce geolog 
said, and no one could deny the transtormed the old Werner 
tement, that the death-rate among _ into the modern scienc 

iidren in this country had increased Agassiz’s ‘‘Studies 

e the baby cab had come into use. how he marshals his 


1e9 } 
ital i 


When I arose to close the discussion, I ments to prove th 


roa rt 


that I would withdraw all that I agencies in transforming 


} 
' 


4 
e 


| claimed concerning poisonous milk, graphic features of ft 
t the argument adduced by my eritic nental areas. Read 
iid not be contradicted, but I would making ‘‘Origin of the S 


suggest that the high infantile mortality will appreciate another fine examp 


was due to the fact that we were more the patient but masterly mustering of an 


n the habit of carrying umbrellas than array of data in orderly and poten 


? 


; 


ir ancestors, or that possibly it might form for the successful attack on a dit 
he due to the fact that we eat more toma- ficult problem. The masters of scienc: 
toes than our grandfathers did.”’ have been masterful because they wer 
experts in this art of the cogent arrange 
(k) Skill in arranging Data ment of facts and arguments. The 
beginner needs much drill in this same 
art. It is one of the rare opportunities 
of science instruction. 


To arrange data and the arguments 
based upon them in such cogent form 
that the conclusions are most readily dis- 
erned is one of the eminently desirable 
skills to be achieved through scientific (l,m) Pertinency and Adequacy of 
studies. Numerous recent studies have Data 
shown that both in individual labora- The student of science must constant] 
tory work and in demonstrations from be trained to pass critical judgment on 

: instructor’s desk, students are woe- the pertinency and adequacy of the 
fully inept in drawing conclusions from data he is using. Robert Boyle (1627 
the data presented. They know reason- 1691) realized in a measure at least how 
ably well how the experiment was set up essential it is to judge the pertinency of 
nd what happened in it, but the mean- the data bearing on a problem. He 
ing of it is obseure. They have not been severely criticizes the old alchemists for 

reed to state the evidence so cogently their impertinency. He writes in ‘‘The 
hat its significance is apparent. The Sceptical Chymist’’: ‘‘If judicious men, 
experiments in science classes may easily _ skilled in chymical affairs, shall agree to 
degenerate into mere ‘‘busy work’’ un- write clearly and plainly of them, and 
less the teacher holds pupils rigidly to thereby keep men from being stunned, 
the necessary reasoning that makes the as it were, or imposed upon by dark and 
xperiment meaningful and transforms empty words, ’tis to be hoped that these 
experiences into real science. men (the Alchemists) finding that they 

To quote samples would occupy space can no longer write impertinently and 
unnecessarily. To cite them is sufficient. absurdly, without being laughed at for 
Read, for instance, Lyell’s ‘‘Principles doing so, will be reduced either to write 
ft Geology’’ to see how cogently he nothing, or books that may teach us 
states his facts and his arguments to something, and not rob men, as fo 
show that geological processes have not merly, of invaluable time; and so ceas 
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ing to trouble the world with riddles or 
impertinencies, we shall either by their 
books receive an advantage, or by their 
silence escape an inconvenience.’’ Many 
of the alchemists posed as magicians, 
and alchemy was allied in the popular 
mind with the black art. The naive 
beliefs of these pseudo-scientists war- 
ranted Boyle’s criticism. How uncriti- 
eal they were of either the pertinency 
or the adequacy of the data on which 
such beliefs rested is apparent from the 
following typical remedy of _ these 
magicians. When a goat sneezes vio- 
lently some of the worms are expelled 
from its brains into its nostrils. These 
are to be carefully extracted, placed in 
a cloth without allowing them to touch 
the ground, then three of them are to be 
tied in the thin skin of a black sheep and 
worn around the patient’s neck. This 
is a sure cure for epilepsy. 

A sapphire was supposed to nourish 
the body. The wearer could neither be 
harmed by fraud, nor envy, nor could 
he be moved by terror. It would free a 
prisoner who wore it. It helped in at- 
taining answers to prayer. It healed 
ulcers, stopped headache, cured diseases 
of the eyes and reduced fever. 

One realizes how essential it is to be 
ever critical of the adequacy of the data 
on which conclusions are based, when he 
sees the many, many errors into which 
the older scientists were perpetually fall- 
ing because the data at their command 
were insufficient. The old Ptolemaic 
cosmography held sway for many cen- 
turies with the earth as the center of the 
universe and the numerous epicycles 
thrown in to the orbits of ‘be planets to 
explain apparent irregularities in their 
movements. This was in spite of the 
fact that Pythagoras and his followers 
had earlier proposed the modern system. 
The crucial data were not forthcoming 
until the days of Galileo and Tycho 
Brahe to make the Ptolemaic system 
untenable. 


The pathway of scientific 
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advance is so littered with the wrecks o; 
discarded ideas and discredited theories 
that it behooves the science teacher ; 
cultivate in pupils a critical attitude o; 


ing. 
too ready scientific credulity. The sty. 
dents who may pick the flaws in 
present day scientific notions ar 
training in our schools to-day. Ty 
need to be alert to the inadequacy of the 
data on which we are basing som: 
roneous conclusions. Only a blind 
optimist could hope there were non 
such. 


(n) The Unprejudiced Attitud: 
The judgments passed by the scientist 
must be unprejudiced, that is, he must 
free himself from preconceived not 
and reach his conclusions on the basis 
the evidence in hand. For a century 
before Priestley’s day, burning had beer 
explained as the process of giving off a 
principle called phlogiston. If a sub- 
stance would not burn, it was said to lx 
already ‘‘dephlogisticated.’’ Priest 
discovered oxygen. He prepared it )) 
heating the red oxide of mercury, then 
called red calx of mereury, and collect- 
ing the gas over a pneumatic troug! 
The new gas would not burn, so 
called it ‘‘dephlogisticated’’ air. H 
showed that this ‘‘air’’ was necessary t 
combustion and to respiration. He vis 
ited Lavoisier in France and 


him his method of making the gas. Over 


a century before Jean Ray had show 
that the calx of a metal is heavier tha 
the metal, and Lavoisier showed tha’ 
when a metal burns (or oxidizes 

form the ealx, the latter is heavier t! 
the metal by an amount equivalent t 
the weight lost by the air. He furthe! 
showed that the air also loses in 1! 
process the power to support combus 
tion. Lavoisier concluded rightly t! 
the burning is a union of the burn 


substance with oxygen as he called 


There is no greater danger than a 


showed 
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But 
the 


iestley ’s ‘‘dephlogisticated air.’’ 


y 
ley was so saturated with 


shlogiston notion that he could not free 
‘mself from it, his judgment was preju- 
iced, and he remained to the end of his 
lays a ‘* phlogistonist.”’ 


(0) Impersonal Judgment 

Judgment must be objective, imper- 
nal. The scientist must free himself 
from personal bias and base his con- 
on the evidence in hand in 
wite of personal preferences. Humphry 
Davy, experimenting on a rabbit, and 
‘hen on himself, discovered that nitrous 
side or laughing gas produced momen- 
‘ary insensibility when inhaled. Michael 
Faraday, later, found that sulphuric 
ether would accomplish the same result. 
In 1844, Dr. Horace Wells, of Hartford, 
Connecticut, painlessly pulled a tooth 
with the patient under the influence of 
nitrous oxide. In 1846, Dr. Marcy, of 
Boston, removed a tumor while the 
patient was under ether. In 1847, Dr. 
J. Y. Simpson used ether and chloro- 
form to relieve suffering in childbirth 
und persisted in spite of tremendous 
position, based on the biblical curse 
pronounced on Eve. One would think 
that so great a scientist as Dr. Simpson 
his background experience 
would be open-minded on a scientific 
problem. Yet he opposed Lister’s 
method of antiseptic surgery, biased 
against Lister apparently because Lister 
had devised a method of tying blood 
vessels, in operations, with gut, which 


18s10nS 


of 
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replaced Simpson’s method of 
the vessels with needle 
Simpson could not free 
personal animosities and judge solely on 


closing 
-like instruments. 
himself from 
objective evidence. 


(Pp) Sus pe nded Judgme nt 

Finally the scientist must hold 
judgment in suspense until the evidence 
is overwhelming. In a letter to Asa 
Gray, under date of July 20th, 1856, 
Charles Darwin wrote: 
ago it occurred to me that whilst other 
wise employed on natural 
might perhaps do good, if I noted any 
sorts of facts bearing on the question of 
the origin of species, and this I have 
since been doing. Either species have 
been independently created or they have 
descended from other species, like varie- 
ties from species. I think it be 
shown to be probable that man gets his 
most distinct varieties 
such as arise best worth keeping, and 
destroying the others. . .. | 
that arise like our 
varieties. I believe I see my way 
pretty clearly on the means used by 
nature to change her species and adapt 
them to the wondrous and exquisitely 
beautiful contingencies to which every 
living being is exposed.’’ This theory 
of the origin of species was not pub- 
lished until 1859, three years later. For 
nineteen years judgment had been sus 
pended while evidence accumulated. 
Now in 1856 he pretty 
clearly; such caution is truly scientific 


his 


‘*Nineteen years 


history, ] 


can 


by preserving 
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species domestic 
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ANIMAL HUSBANDRY AND WAR 


By SYDNEY HILLYARD 


In the breeding of animals the work 
of one man is not enough to furnish 
more than a foundation upon 
which his sons, grandsons and great- 
grandsons must build. The work of 
selection—the picking out of the strong- 
est or fastest horse, the heaviest wooled 
sheep, the cow with the most or the rich- 
est milk—must continue for generations 
unbroken, or we can quickly have a 
retrogression, a devolution back to the 
wild stock—a much easier thing to get 
than an evolution toward the perfect 
specimen that has become so necessary 
to modern life. 

Thousands of English sheep farmers, 
unknown and unsung, from Edward the 
Sixth to Edward the Seventh, a matter 
of three hundred and fifty years, have 
patiently and persistently picked out 
their best rams or bought better ones, 
and have raised the net value of the 
sheep of their country by a slightly 
thicker wool or a shade heavier mutton. 
This is all there is to breeding, but it 
takes two things—time and security. An 
army turned loose in a sheep country for 
a winter will eat the sheep or drive them 
off and the farmer has to begin a cen- 
tury’s breeding all over again with runts, 
where his great-grandfather left off. 
And this is the case whether it is your 
own army that is encamped, fighting or 
maneuvering over your country or your 
enemy’s. This was very well shown in 
the Hundred Years War between En- 
gland and France and in the Thirty 
Years War that was fought all over 
Germany. 

The English archers who fought with 
the longbow at Crecy, Agincourt and 
Poitiers did not care how many or what 
kind of sheep were left in France after 


mere 
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- 


the army was fed. The hide of ar 
fine fleeceed ewe would make a 
patch or a washrag. The mutt 
oversize tup filled the more mess 
The soldiers of Gustavus Adolph 
Wallenstein, Protesta 
Catholic, ate about the same am: 
being in Germany, they ate G 
sheep. At the end of thirty years t 
were so few cattle and sheep left in | 
many that the starving peasantry 
eating human flesh. It takes a « 


whether 


to get a breed of animals well start 


it takes a week to wipe it out. 0 
continent of Europe this has happ 
again and again, until one wonders 


anything larger than a performing | 


with a lusty jump is left alive 
And this brings us to the follo 

question: Why have nearly all th 

breeds of domestic animals that ar 


seattered all over the earth, the hor 


cattle, sheep, hogs, been originated 
perfected in England? Why not 
where? If it takes three centuries 


eareful breeding, watching and prot 


tion to raise a perfect horse that : 
can wipe out in three hours, why 
so many breeds been perfected 


+ 


gland and so few elsewhere? Let us s 


how England stands in this matt 
animal breeds, and then let us ask 


this has come about, and what it has ' 


do with war and disarmament. F 
let us see if there be one country W 


stands out above all others in the int! 


tion and consummation of bred stock 
then let us deduce a theory to fit 
demonstrated facts. 

Let us take horses. The great ‘! 
Clyde and Suffolk heavy horses ar 
most widespread draft horses 0! 
world. They haul the beer-wagons 
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the water-wagons of New York 

the plows of Alberta, Queensland 

nd the Argentine. The Shire, with his 
F ey legs, the Clyde with his round 
lv. the Suffolk with his thick neck, 
h took many lifetimes of farmers to 
ring him from runthood to drafthood, 


‘rom a rangy scarecrow to a mastodon of 


ne ton. So with the English thorough- 
pred. the fastest of living animals. It is 
literally running circles all round the 
giobe. You ean lose a dollar on him as 
easily at Saratoga as at Sydney or Ep- 
som Flats. 

The word ‘‘ Shire’ 
horses was first used in the statutes of 
Henry VIII, in 1530. Under various 
names—the War Horse, the Great Horse, 
the Old English Black Horse, the Shire 
Horse—this breed has for centuries been 
ultivated in the rich fen lands of Lin- 
~lnshire and Cambridgeshire. He is the 
largest of The thoroughbred 

mes later, beginning probably wit 

‘Markham’s Arabian’’ in 1616. Three 
ther horses followed, Byerly Turk, Dar- 
ley Arabian and Godolphin Barb, and 
from these animals all the race horses of 
teday have descended. From Henry 
the Eighth, he of the many wives, and 
Charles the Second, when America was 
getting nicely started, to this day, these, 
the largest and the fastest horses, have 
been patiently nursed. 

The American standard trotter dates 
from the Darley Arabian through the 
Hackney and Norfolk trotters. Its ca- 
reer is similar to that of the thorough- 
bred and for the same reasons. 

As with the horse so it is with the cow; 
both with the big beef breeds and the 
little dairy breeds. The red-faced Dur- 
ham ox and the white-faced Hereford, 
the Devon, the Angus and many other 
beef steers are British stock, while the 
milkers, the Jersey and Guernsey, are 
irom the Channel Islands. 

The Brown Swiss and the Simmen- 
thaler are continental cows and have 


’ in econneetion with 


horses. 


HUSBANDRY 


AND WAR 245 


come to maturity apparentiy for the 
have the world-wide 
mountains, 
but sheltered 


Same reason as 


English breeds. been raised 
in the 
storms 
soldiers. 

The first scientific breeder of eattle 
was Robert Bakewell, of Loughborough, 
England. This 
pounds out of his 


followed 


Swiss expt sed to 


and snow from 


Leicester, man made 
thousands of 
stock. The Collings brothers 
him and started the Durham eattle with 
**Hubback’’ in 1777. The Durham is 
the same thing as the Shorthorn, now the 
most widely spread of all cattle. One 
Tompkins followed Collings with the 
Hereford, and then a Mr. Watson with 
the Angus, and a John Ellman, 
founded the Southdown. These people 
did not invent the eow ; they inventoried 
her, started her on the narrow path and 
made a doomsday book in which to re- 
eord her. And she has nobly re sponded. 
The Chicago 
this. 

‘“What shall we debate?’’ 
question in the good old days back on 
the farm at the first literary and de- 
bating society ’s meeting in November. 

‘*Which is more useful, the horse or 
the cow,’’ came the invariable answer. 
In the ranch country the horse won t] 
decision; in the farm settlements, the 
But whichsoever way the embat- 
tled farmers voted, it remained proved 
that a team consisting of a horse and a 
eow had helped haul civilization for 
long distance. 

An Englishman and an Irishman may 
differ as to some things, but they see 
with one eye when it comes to a hog, and 
the American is there them. In 
fact America really leads the field. But 
it is enough for our story that the Berk- 
shire, the Yorkshire, and 
other breeds British, the 
American Duroes Chesters de- 
scended from the same source. There is 
no continental hog worth spearing. 
Without England and America the hog 


bred 


who 


stockyards demonstrate 


was the 


ie 


cow. 


with 


Tamworths 
were with 


and 
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would be a razorback in the forest, use- 
less to himself or to any one else. 

England has done wonders in chickens 
with the Brahmas, the Plymouth Rocks, 
Orpingtons and others too numerous 
and too noisy to mention, but here again 
the American hen has it. The Yankee 
rooster has a right to crow over all com- 
ers for size and over all scrappers except 
the English fighting cocks. Outside of 
the Anglo-American hen there is not 
very much to write home about. The 
eampfire kettle is hard on the poultry 
yard; always has been—and always will 
be. 

The goat has had the best chance of 
them all at self-development. He started 
first. All the wandering sheiks from 
Abraham down had goats, but it is prob- 
able that the simple-minded nannie in 
your vacant lot is little better than those 
that Isaac milked. The Angora goat is 
the product of the mountains of Asia 
Minor and the Caucasus and of other 
secluded mountain districts, as the 
brown Saanen and the white Toggen- 
bung of Switzerland. England and the 
United States have never tackled goat- 
breeding. The goat has had to live in 
fastnesses where he could jump down a 
precipice when a foraging party showed 
up. Had he found favor with a breeding 
nation what might he not have been? 

But it is in sheep that the tight little 
island has simply done it all. It has been 
‘*Let George do it,’’ and in truth it is 
perhaps in the reigns of the four Georges 
more than at any time in eight hundred 
years that English sheep rose _ to 
supremacy. 

There are a dozen major breeds of 
sheep from the English and Scottish 
counties which cover the hills of Chris- 
tendom and the valleys of heathendom. 
Such are the Cheviots, the Oxfords, the 
Southdowns, the Shropshires, and others. 
There were no other sheep until Ver- 
mont, Australia and New Zealand devel- 
oped the modern Merino. 
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All the mutton sheep are Englis| 
Now we can carry the argument a st 


further. We find that war dest; 


domestic animals; we find that the prin. 


cipal animal breeds were produced }; 
England. Why has England been , 
to do it? 

Because of the English Channel. 

That strip of water but twenty miles 
wide has done it. It is narrow. to } 
sure, but enough to keep the restless 
armies of continental Europe of 
island since 1066. It was enough to ky 
England free from invasion for ei 
hundred years, while armies, including 
English armies, were tramping over 
Europe, eating and destroying the catt}; 
sheep and goats and using up the horses 
in their cavalry. Poland, German 
Austria, Italy and France hav 
enough wars to knock out each and ev 
attempt at animal breeding as fast as i: 
was made. It is a wonder they have an 
animals at all. 

Almost every European governm 
has at one time or another tried to get 
animal breeding going except that 
England. The English 
alone seems to take no interest in it, and 
there alone has it been a complete sue- 
eess. The English farmer was left 
peace by the armies, with a couple ot 
civil wars for exceptions, to improve his 
sheep generation after generation, cen- 
tury after century, with the result de. 
scribed. Had a successful invasion 
England say, by Spain in Elizabeth's 
time, or by France in Anne’s time, or b 
Germany in Victoria’s time, swept al 
over the country where would the thor- 
oughbred horses be? Where would th 
Cotswold sheep be? Where, the Durham 
cattle? Thus went the continental ani 
mals—to carry the cavalry into batt! 
and to feed the infantry after it. 

‘‘The Kaiser had the finest of the old 
English estates already parceled out 
among his favorites before the % 
started,’’ said an Englishman to tii 


government 


writer. 
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griter. ‘‘One of his sons was to have 
the seat of the Dukes of Portland.’’ 
Just how true this is may be a question, 
hut another question is, how many prize 
ttle would be left on the estates of 
England by the time Hindenburg and 
Ludendorff had got themselves into 
geure possession of them ? 

“There will be precious few English- 
men left alive to see it,’’ said a British 
fieer when the talk veered to what Ger- 
many would do with Britain in the 
event of occupation. If there would be 
precious few Englishmen left how many 
English thoroughbreds would there be? 
Answer: None. 

During the Spanish invasion of the 
Low Countries the Dutch cattle were 
raised only in Sehleswig. The Spanish 
armies destroyed them elsewhere. In 
1786 the Germans imported some merino 
sheep that the French government had 
introduced from Spain and had estab- 
lished on a government farm near Paris. 
Something prevented the continuous 
development of these sheep, the kind of 
development that has taken place in 
America and Australia, and that some- 
thing is in part war. In the latter part 
of the seventeenth century the French 
government began the systematic devel- 
opment of stallions in the vicinity of 
Paris in the province of Normandy. The 
French have met with the 
Percheron horse, a draft animal much 
favored in America. <A _ professor of 
agriculture informed the writer that he 
attributed survival of this horse to the 
fact that it was bred in that part of 
France, La Perche, which has been most 
free from invading hosts of all the coun- 
try. The snow-white Emden goose and 
the Holstein-Friesian cattle originated in 
the lowlands adjacent te the North Sea. 
East, west, and south of tiem are rivers 
and turf bogs. No armies, the writer is 
informed, have ever maneuvered across 
that territory. 

The Belgians have a fine draft horse, 


success in 
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but we are informed that this last war 
has left the United States in possession 
of all the best of the breed. Similarly, 
the Russian government in 1777 started 
a stud of the Orloff horse. It 
that few of the finest of these horses will 


is said 


have survived the last six years of war. 
It would be nothing less than a miracle 
if they could, and animals aren’t saved 
by miracles—at least not in wartime. 
It is true that the opposite side of the 
ease can be argued at least as regards 
the horse. The French Coach Horse, the 
German Coach, and other continental 
saddle and driving horses are the result 
of various governments having selected 
and bred horses fer cavalry. Yet this 


can apply to the breeding situation in 
only a limited way; it is true only of 
horses and to some extent of mules and 
applies only to a certain kind of horse 


Once the army is supplied, the govern- 
ment’s interest stops. All credit is due 
to the continental coach horse as a prod- 
uct of war, but it must not be forgotten 
that these very coach horses are used to 
kill each other on the battlefields, and to 
kill off other animals, so that the better 
the war horses the better foraging the 
cavalry can do and the more lambs and 
chickens they can gather in for the even- 
ing soup kettle. 

Governments that breed men and ani 
mals for war are primarily interested in 
war. If there is anything that the World 
War has shown it is that the govern- 
ments of Europe would sacrifice every- 
thing to win the war. The three kaisers 
now unhorsed would and did allow the 
war to go on until the resources of their 
peoples were exhausted—that is to say 
that the Prussian kaiser was willing to 
allow his own people to be destroyed 
rather than resign and his 
erown and honor. The raising of horses 
by such people is not an asset in animal 
breeding; it is a liability. Governments 
that will stand by and see their race 
destroyed rather than their own personal 


lose own 
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pride and power, are not animal breed- 
ers; the only creatures in their stock 
registry are the four horses of the 
Apocalypse. 

The United States will be the nursery 
for the great breeds of the future. One 
hundred and twenty-five thousand dol- 
lars has been paid in this country for a 
single bull—the world’s record for dairy 
animals. The American wool sheep, the 
American hog, the American milch cow 
now lead the world, and we are rapidly 
coming up in other breeds. There is no 
knowing what can be done if no armies 
devastate the farms and no poison gas 
murders our animals. But let us have 
peace. We have heard the eall of the 
wild, the call of the carpenter, the call 
of the cities, and several other calls, now 
let us hear the call of the cow. 

In ‘‘The Next War’’ Will Irwin has 
shown what the effect of airship, gas and 


poison may be on humanity. What 
their effect be on the priceless bre: 
stocks? Will not humanity, for its 
mediate preservation, be compel] 
sacrifice, to consume, whatever of its } 
animals the armies and artillery 
left behind, if they leave any? Has: 
not already taken place in Poland 
Russia and Serbia? 

America is to-day the capital 
financial world. It is also becoming 
‘apital of the animal-breeding wor 
peace, on one little island, has bi 
forth these splendid breeds of an 
that have served the world for cent 
what may it not achieve on this 
continent if no _ recurring 
slaughters prevent? The _ horse, 
cow, the hog and the sheep all call 
disarmament. 

Let us have peace. 
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JOHN LINING, AN EARLY AMERICAN 
SCIENTIST 


By FRANKLIN C. BING 


LABOKATORY OF 


Atmost two hundred years ago there 
emigrated to this country a Scotch youth 
of twenty-two, named John Lining. He 
settled in Charleston, then called 
CharlesTown, in the Colony of South 
Carolina, and there practised medicine 
for thirty years until his death in 1760. 
\lthough he was an outstanding figure 

the history of early American science 

ere remains but brief bio- 
eraphical account of him, that by David 
Ramsay. He was educated in Scotland 
ind held the degree of Doctor of Medi- 
‘ine, probably, according to Dr. Wilson,? 
from the University of Edinburgh. De- 
tails of Dr. Laning’s entire life that re- 
main to us are very scanty. He had a 
fairly large practice, it is said, and en- 
joyed considerable renown for his scien- 
tifie attainments. He is always referred 
to as *‘the celebrated Dr. Lining’’ or 
‘the ingenious Dr. Lining’’ by contem- 
writers. To him the 
earliest experiments on metabolism made 
in this country. The first description of 
the symptoms of yellow fever that came 
from America was in a letter written by 
him to the professor of medicine at the 
University of Edinburgh. He even ex- 
perimented with electrical phenomena 
and communicated with his famous colo- 
nial contemporary, Benjamin Franklin, 
upon this subject. Lining seems to have 
corresponded extensively and it is from 
those letters published in the Transac- 
tions of the Royal Society of London and 


one very 


porary we owe 


1Ramsay, David. ‘‘The history of South 
Carolina.’’ Vol. 2 (1808). 

2 Personal communication from Dr. Robert 
Wilson, of Charleston, S. C., to whom I am in- 
debted for first interesting me in the history of 
early American science. 


PHYSIOLOGICAL 


CHEMISTRY, YALI 


in a publication of a Medical Society of 
Edinburgh our knowl 
edge of the work of this active and versa 
tile investigator. 

His experiments upon metabolism were 
the result of an effort to 
relationship, between weather 
conditions and epidemic diseases. This 
was the time of sweeping epidemics such 


that we obtain 


ascertain tne 


if any, 


as practically are unheard of ft lay. 
Two years before his arrival in Charles- 
the that 
been afflicted by an epid mie of 


Town inhabitants of city 


fever. This malady occurred again 
1732, and it 


tained his first experience with this dis- 


was then that Lining ob- 


ease. It was observed that yellow fever, 
like some other diseases, occurred only 
in the summer and lasted only until cold 
weather set in. Building upon this fact, 
Lining began and 

systematic observations on the weather, 
starting in 1738 and continuing for sev- 


making recording 


eral years. During the year of 1740 he 
addition 


own metabolism, these measurements b« 
] 


made in measurements of his 
ing made in a regular fashion every « 
for an entire year.* The object of this 
extended experiment is best 
Lining’s own words, as given in the pre 


ay 
stated in 


liminary report, made after observations 
extending over several months: 


‘‘What first induced me,’’ he 
upon this Course, was, that I might 
tally discover the Influences of our different Sea 
sons upon the Human Body; by which I might 


lige of the 


savs, **to enter 


exper men 


arrive at some more certain Knowle 
Causes of our epidemic Diseases, which as regu 
larly return at their stated Seasons, as a go d 


Clock strikes Twelve when the Sun is in the 
Trane. 


(1745). 


Metabolism Experiments. 
Ibid. 43, 318, 


8 Lining, J. 
Roy. Soc. 42, 49 (1743). 
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Meridian; and therefore must proceed from 
some general Cause operating uniformly in the 
returning different Seasons.’’ 

To study the weather conditions from 
day to day Lining had a complete set of 
meteorological instruments. A_ whip- 
cord hygroscope was used for recording 
the relative humidity of the air. Lining 
recorded the appearance of the sky, 
whether it were clear or cloudy, and the 
amount of cloudiness. He made an in- 
strument, which he did not describe, for 
ascertaining the amount of rainfall. He 
recorded also the force of the wind each 
day, remarking that this factor played 
an important part in cooling the body by 
evaporation of the perspiration. For 
this measurement he had no instrument, 
but judged by the senses. He used 
Fahrenheit’s thermometer to record tem- 
peratures, and in addition, a peculiar 
type of thermometer made by a Thomas 
Heath, of London, which was divided 
into ninety equal parts, 65 being freez- 
ing, and 49 temperate. The modern 
Centigrade thermometer was, of course, 
unknown in those early days. The diffi- 
culties of experimental work scarcely can 
be appreciated, when even the common- 
est instruments of the modern laboratory 
were either not yet developed, or had to 
be improvised by the experimenter him- 
self. A contemporary of Dr. Lining 
calibrated his own thermometer by mea- 
suring off the inches between the lower 
fixed point, the temperature of melting 
ice, and the upper, the temperature 
under the armpit of ‘‘a man in health.’’ 

For studying the effects of the en- 
vironmental conditions upon the human 
body, Lining made careful measurements 
upon himself. Each day he would 
record his weight upon arising, and also 
before retiring at night. At these same 
times he would ascertain and record his 
pulse rate. All the food that he ate dur- 
ing the course of the day was weighed, 
and all the liquids that he drank were 
measured. Each day he would record 
the amount of his urine, the weight of 


his solid excreta, and the quantity 
perspiration given off. The latter fieur 
was obtained by carefully weighing his 
dry clothes before wearing them, a) 
also after taking them off. The increas 
in weight of the clothes was recorded as 
the amount of perspiration. During thy 
summer months these weighings had t 
be made several times in a day. 

‘*Thus,’’ says he, ‘‘ have I now spent near Ons 
Year, with no small Labour, Confinement, and 
Expence in the Loss of Practice, in making 
these Experiments and Calculations; and if 
they will be of any Service to Mankind. . 
shall then obtain all I had in View, in entering 
upon the Course.’’ 


His second paper concluded the data 
for the year and tabulated it. It is in- 
teresting to observe that he contemplated 
performing blood tests upon himself, but 
was forced to refrain from so doing | 
eause of the erudeness of the available 
methods of that day. He states: 


(>- 


That I may be furnished with as many Dat 
as possible, I propose to take the specific gravity 
of the Cruor, of the Serum, and Crassamentur 
of the Blood, in different Diseases, and in their 
several Stadia, by a very nice hydrostatic Ba 
ance, made by Mr. Jackson. But this indeed 
attended with greater Difficulties than I was 
at first apprised of, for the Experiment requires 
a greater Quantity of Blood than can 
times be safely taken away; and Rain-water 
with which the specific Gravity of the Blood 
compared, I have found, by repeated Exper 
ments, to lose about 3/512 Parts of a Grain for 
each Degree of Heat by Fahrenheit’s Ther 
mometer; and Oil of Turpentine, in which t! 
Crassamentum is weighed, loses much more 
its specific Gravity. 


Present day readers may well remark 
at the painstaking nicety of Lining’s ex 
perimental technique, considering the 
date at which it was done. The spirit of 
his experimental procedure throughout 
is thoroughly modern. 

The data accumulated by Lining 
showed conclusively that the volume of 
the urine is roughly inversely propor- 
tional to the amount of perspiratio! 
the amount of perspiration being great- 
est in the hot months of summer and 
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JOHN LINING, SCIENTIST 


least in the winter, and the volume of 
the kidney secretion being, conversely, 
greatest in winter and least in summer. 
Dr. Lining was content to give his data 
and his protocols. Other men made use 
of his information, and sometimes con- 
structed fantastic theories to account for 
his results. Thus, we find that Dr. 
George Milligen* divided acute fevers 
into those of the hot months and those of 
the winter months, and gave a very in- 
volved and hypothetical explanation of 
their production as a result of weather 
conditions. 

Patrick Ker,’ a medical student at the 
University of Edinburgh, in 1746 at- 
tempted to correlate the occurrence of 
several diseases with the weather condi- 
tions in Edinburgh and in nearby towns, 
but his work was mainly statistical 
rather than experimental. The spirit of 
Lining’s work, on the other hand, might 
well serve as a model for students pur- 
suing similar investigations to-day. He 


formulated his hypotheses clearly and 


tested them out fully and carefully, 
making use of the best available instru- 
ments of his day. He checked his 
methods carefully, and was not loath to 
criticize any defects of his own experi- 
mental technique. That all this was 
done by a man working alone and un- 
aided in a country miles away from the 
great intellectual centers of the world is 
all the more remarkable. Two recent 
investigators® in the field of ‘‘insensible 
perspiration,’’ writing of the history of 
the determination of the amount of per- 
spiration, have expressed amazement at 
the patient thoroughness of Dr. Lining’s 
experimental work. For years these ob- 
servations of this little known American 


‘*A short Description of 
London. 


¢ Milligen, George. 
the Province of South Carolina.’’ 
(1770). 

5 Ker, Patrick. Weather and Epidemic Dis- 
eases. In Lewis, Condensed Volume of Medical 
Essays and Observations, published by a Society 
in Edinburgh. Page 77. London (1746). 

® Benedict, F. G., and H. F. Root. Insensible 
Perspiration. Arch. Int. Med. 38, 1 (1926). 
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investigator remained the most complete 
and extensive on record. 

Dr. Lining extended his meteorological 
observations over several years and these 
accounts of Charles-Town weather were 
published in the 
Royal Society.’ Dr. 
continued these observations later, 
1750 to 1759, and when the Medieal So- 


ciety of South Carolina was formed such 


Transactions of the 
Lionel Chalmers* 


trom 


observations were made as a matter of 
routine, beginning in 1791. 

Dr. Lining also is the author of the 
first yellow fever 
that reached European centers from this 
eontinent.® It is in the form of a letter 
addressed to Doctor Robert Whrytt, 
Professor of Medicine in the University 
of Edinburgh. 
tory of the yellow fever as it appeared 
in Charles-Town in 1748. ‘‘In this his 
tory,’’ says the author, ‘‘I have confined 
myself to a faithful narration of facts, 
and have avoided any physical inquiry 
into the causes of the several symptoms 
of this disease Dr. John B 
Beck,’ as late as 1842, stated that this 
account ‘‘stands to this day unrivalled 
for the general accuracy and minuteness 
Doctor Lining, how 


accurate account of 


It is essentially a his- 


of its deseription.’’ 
ever, believed that 
ported and contagious, and it is interest- 
ing to note that for many years after 
wards the South 
guarded against it as such. 
About this time the attention of many 
men was directed electrical 
phenomena. Benjamin had 
Meteorological Data. No. 487, 
Ibid. 48, I, 285 (1754 
‘*An Account of the 
of South = 


the disease was im- 


laws of Carolina 


towards 
Franklin 


7 Lining, J. 
Trans. Roy. Soc. 
8 Chalmers, Lionel. 
Weather and Diseases 
London (1776). 
® Lining, J. 
Supplement to Chisolm, Colin: 
the Malignant Pestilential Fever.’’ 
phia (1799). Originally 

burgh. Essays and Obs. 2, 370 (1753) 

10 Beck, John B. Annual Presidential Ad 
dress delivered before the Medical Society of 
New York. February 1, 1842. 
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already published his famous Treatise 
on Electricity, and in 1752 he wrote an 
account of his famous kite experiment.” 
Lining is said to have communicated 
with Franklin, and is known to have 
repeated some of his electrical experi- 
ments. An account of several kite ex- 
periments made by him is given in a let- 
ter sent in answer to queries made by a 
Charles Pinckney, of London.” Mr. 
Pinckney wished to know more about 
Dr. Lining’s experiments, and particu- 
larly whether any danger was attendant 
upon performing them. A _ Professor 
Richman in Petersburg had been struck 
by lightning and killed while performing 
electrical experiments, and Dr. Lining’s 
correspondent wanted to know the rea- 
sons for this unfortunate mishap. It 
seems that Professor Richman had lost 
his life during the summer of 1753 as 
he was observing the effects of lightning 
upon a ‘‘gnomon,’’ or kind of device for 
measuring the magnitude of an electrical 
charge. Lining astutely inquired in re- 

11 Franklin, B. Kite Experiment. Trans. 
Roy. Soc. 47, 565 (1752). 

i2Lining, J. Kite Experiment. Trans. 
Roy. Soc. 48, II, 757 (1754). 


turn for more details about the appa- 
ratus used by Richman and also aske 
whether the iron rod by which the light 
ning was conducted to the instrum 
had any connection with the earth. It 
developed that Professor Richman’s a; 
paratus was connected directly with 
lightning rod at the time when he per- 
formed the experiment, and that th 
lightning rod had no other connecti 
with the ground. 

A few years later, in 1760, Dr. Lining 
died at the early age of fifty-two. h 
that year an epidemic of small-pox vis 
ited Charles-Town and nine hundred 
and forty persons died of it, whereas but 
eighty-seven died of all other diseases 
combined. Whether Dr. Lining su 
eumbed to this malady or not the ava 
able records do not state. His fam 
however, long survived him. To-day h 
is worthy of recognition as one of th 
early scientific investigators of t! 
country, and as a man who, with the 
same actuating motives of the best scien- 
tists of to-day, worked under difficulties 
that to the ordinary individual wou 
have been well-nigh insurmountable. 
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A WINTER SLEDGING EXPEDITION ON THE 
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INLAND ICE OF GREENLAND 


By HELGE BANGSTED 


UNIVERSITY OF MICHIGAN GREENI 


NARRATIVE OF JOURNEY 

In the winter of 1925-1926 I under- 
took a sledging expedition over the 
Greenland inland ice from base at 
Umanak, a northern colony of the West 
Coast in latitude seventy degrees north. 
This journey was undertaken without 
any special preparation, for it had been 
my intention to go as far north as Cape 
York; but I was not permitted to pro- 
ceed beyond the Umanak district because 
of an epidemic which had broken out 
among the children of the northern dis- 
trict, and so my plans had to be changed. 

I set out from Umanak near the end 


a 


of January with two companions, Georg 
Strang, a moving picture operator, and 


an Eskimo, Kalepatuk. Our equipment 
we carried on two sleds, my own with a 
team of ten dogs, and one of twelve dogs 
owned by Kalepatuk. At the village of 
Ikerasak (the narrow sound), 40 kilo- 
meters to the south-eastward of Umanak, 
I was joined by two Eskimos with dogs 
and sled, and from there, on February 
3, we started on our long journey which 
was the first ever to be made in mid- 
winter over the inland-ice of Greenland. 
As already mentioned, I had on leav- 
ing Copenhagen in August no intention 
of making any sledge trip over the in- 
land-ice, and for this reason I had not 
brought with me the instruments which 
would have been desirable. I had with 
me, however, an alcohol compass, some 
thermometers for measurement 
of low temperatures, a small aneroid 
barometer, and a hodometer or sled- 
meter constructed from an old bicycle 
wheel with its attached cyclometer. 
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IO) HOLSTEN 


took our cours¢ 


From Ikerasak ws 


the sea-ice to the 


ver 
OV I 


and at Kekert 
about ten kilometers th 
the foot of the Great Karajak Gla 
near which had been from 1891 to 
the base of the German Greenland Ex 
pedition under Professor Erich von Dry 
galski Fig. 1 The 
found very rough and hummocky, 
took us two days to cover tl 
kilometers between Ikerasak and Keker 
tak. Fortunately the weather was fine 
and the air very cold. 

At Kekertak we encountered new diffi 


main 


to { westward Oo! 


ler, 
1893 


(see sea-ice we 
and it 
twe nty 


Te) 
AX 


culties in ascending the course of one of 
those rare rivers for Greenland which 
persist throughout the winter, and a 
consequence by freezing to the 
bottom, they flood the surface and again 
freeze at the top so as to produce the 
troublesome ‘‘ ice’’ 
which grows wider). This surface ice 
is often so thin that sled, dogs and men 
all break through and have a bad time 
with the icy water and the low air tem 
peratures. 

After two days of traveling in th 
sersinek ice we left the river and now 
took our course through the high moun- 
tain country up to Isortok. Here the in- 
land-ice comes down long smooth 
tongue up which traveling should not be 
difficult. 

3efore leaving Umanak 
residents, and the Greenlanders as ws 
had all assured me that it im- 
possibility to travel on the inland-ice in 
the winter time. They argued that we 
should find the surface covered deep 


} 
I 
as 


solid 


sersinek (the ice 


as 


a 


+ 
A 


the white 


1) 


was an 


1See page 254. 
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BY THE EXPEDITION 


with soft snow; but this I could not be- 
lieve, for all explorers of the inland-ice 
had reported there is always a wind 
blowing outward from the interior, and 
wind always compacts the snow and 
gives it a hard surface. It was there- 
fore difficult to understand how the sur- 
face could consist of deep soft snow. 

The next morning after reaching 
Isortok we started off on the inland-ice 
over the best sledging surface I had ever 
seen either in Greenland or in Arctic 
North America when I was connected 
with Rasmussen’s Fifth Thule Expedi- 
tion of 1921-1923. I had planned to go 
in to the big nunatak (rocky island 
within the ice) which lay to the north- 
ward and in a general direction to the 
sastward of Kekertak, but which had as 
yet never been visited. The Greenland- 
ers had had much to say of the danger- 
ous erevasses which they asserted lay 
between my present position and this 
nunatak; and so, instead of steering 
direct, I shaped my course to the south 
of east in order to keep clear of them. 
Not until we were about 80 kilometers 
in from the ice-margin did I change my 
course and steer directly for the nunatak 
itself. 

By the middle of February I had 
reached the nunatak with no difficulties 
except such as are caused by the cold 


and stormy weather with drifting snow 
Upon the inland-ice close to the nunatak 
I now set up a rather primitive meteoro- 
logical station, and here I made observa 
tions every hour. This was possible b 
cause of the three members composing 
the party. Throughout eighteen days 
and nights of drifting stormy weather 
these observations were kept up (se 
page 255). 


THE SERSINEK ICE 

As has already been explained, we had 
encountered a very big area of sersinek 
ice along the course of the river whi 
runs out to the Karajak fjord to 
southward of the little island of Keker- 
tak. The origin of such ice has a great 
deal of interest for the scientist, and 
Greenland, where rivers usually disap- 
pear in the winter-time and are not 
common even in summer, the sersinek 
is very limited in its occurrence. It 1s 
restricted, apparently, to the areas of 
the basalt sheets, particularly Disko 
Island and the peninsulas of Nugsuak 
and Svartenhuk, but here it is of commor 
occurrence. 

In the autumn when air temperatures 
are low enough for freezing of the river. 
a cover of ice forms and by another 
month the mouth of the river will 
frozen solid to the bottom. The wate! 
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A WINTER SLEDGING EXPEDITION 


coming from the springs within the 
basalt sheets now flows out over the ice- 
dam near the coast. The pressure of the 
water may break the ice-dam, but it 
foods a wide surface, and in calm 
weather a very thin ice cover will form 
over the flooded area, and large openings 
within this cover will permit the water 
to issue at the surface and again over- 
flow. This process may continue 
throughout the entire winter. 


OBSERVATIONS MADE ON THE INLAND-ICE 

On two occasions during our stay of 
eighteen days near the nunatak? we had 
strong north-east storms, each of which 
blew for three days in succession. A 
vast amount of snow was carried out by 
the wind, and when we went outside the 
tent we found the drift so thick that we 
could hardly see the hand when held be- 
fore the face. When we first reached the 
nunatak the ice surface had very little 
snow upon it, but when we left there 
was a snow cover about six inches deep 
and this was not soft but hard. The 
strong blizzard winds had packed the 
snow together. In the first of these bliz- 
zards our tent had been blown to pieces, 
and it was a very difficult matter to put 
it again in such a state as would protect 
us from the snow and the much worse 
wind. 

During these northeast storms we had 
some days with foehn-wind. At such 
times the thermometer rose very quickly 
from—37° C. (-34° F.) to-8° C. (+4- 18° 
F.). Long before the arrival of the 
foehn we could see the fine foehn clouds 
off to the southeast. The foehn-wind is 
a particularly trying wind to encounter 
on the inland-ice during the winter-time. 
Very quickly the snow becomes wet, and 
it collects on the clothing and, what is 
worse, on the sledge-runners as well. 

Throughout our entire stay on the in- 
land-ice I observed that the wind was 
always blowing outward from the in- 
terior of the inland-ice. We had not a 


?About twenty miles within the ice margin. 


single day—not a single hour—when the 
wind blew inward from the land toward 
the ice. Another fact is worthy of men- 
tion here. On some days we had no 
wind at all within the depressed areas 
of the ice-surface, though at the same 
time it was drifting very badly upon the 
higher surfaces. I especially noticed 
this when we were returning to Umanak. 
Whenever we were on the top of a ridge 
we encountered the strong northeast 
wind and drifting snow, but when we 
had rushed down into a depression of 
the surface the wind and drift ceased. 
Only with very strong wind have I ob- 
served the wind and drift within the 
valleys also. 


THE SURFACES OF THE INLAND-ICE 


As already stated, the inland-ice comes 
down into the Nugsuak peninsula as a 
long tongue. On this tongue there was 
very little snow, not more than two or 
three inches, and this snow was not, as 
had been believed, soft but hard. It 
would be reasonable to suppose that be 
cause of the constant drifting outward 
there would be a large amount of snow, 
and perhaps also soft snow, at the edge 
or very close to the edge of the inland- 
ice. Also because of the heavy drifting 
near the nunatak it would be easy to 
believe that the snow would stop and 
be deposited near the edge of the inland- 
ice. But this is not so, and the reason is 
simple enough. The tongues which go 
out from the inland-ice have a very 
slight gradient and the surface of the ice 
issmooth. There is, therefore, nothing to 
stop the drifting snow until it has 
reached the big hills on the peninsula. 
The results are much the same wherever 
these conditions prevail near the west 
coast of Greenland, and little ice is de- 
posited at the ice-margin during the 
winter. Farther south, however, where 
there is a good deal of hummocky ice, 
the rough surface will, of course, stop the 
snow and the valleys between the hum- 
mocks will become filled up. 
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INLAND-ICE SLEDGING IN WINTER 


The sledge trip here described was un- 
dertaken as a reconnaissance in prepara- 
tion for expeditions which I have hoped 
to make later. Heretofore practically 
all travel over the mland-ice of Green- 
land has been restricted to the summer 
season. If a man can manage to live 
on the inland-ice in the winter, when 
there is no sunlight or only a few hours 
of sunlight each day, we are certain to 
learn much of great interest and value, 
and from the little trip which I have 
made I know that it is possible. The 
chief difficulty’ is to protect oneself 

3 As a member of the University of Michigan 
Greenland Expedition of 1927-1928, Mr. Bang- 
sted is now (November, 1927) at the base of 
this expedition located at the head of the 
Séndre Strémfjord under the Arctic Circle in 
southwest Greenland, and with Professor J. E. 
Church, Jr., will attempt during the coming 





against the frost, and especially against 
the wet foehn-weather; and then, 
course, one must be able to take in sufi 
cient food for oneself and the dogs. 0 
the journey here described we liv 
mainly on seal meat and on raw froze: 
halibut—very good as food but also ver 
heavy. There is but one way to manag 
it if the expedition is to spend a long ra hat 
time on the ice. There must be a sufi 

cient supply of pemmican, the one typ 

of concentrated food which is adapted t 

ice conditions. Equally important is 

to be provided with the very best 

clothing and sleeping-bags that can | 

obtained. 

winter to penetrate by dog-sled the inland 
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CAPTURE OF AN OCEAN SUNFISH 


By Dr. E. W. GUDGER 


AMERICAN MUSEUM OF NA 


years ago I published a short landed on the rail of The Republic 
on a thirty-foot whale shark, of these are herewith reproduced 
wlon typus, captured by being appreciative thanks to t 


don the bow of the Munson liner department of the steamship compan 


an Legion. This occurred on A letter to Captain Randall broug 


1923, in Lat. 17° 57° S. and courteous answer, giving the 
41° W., northeast of the Abrol- details. The fish came aboard 
off the southeast coast of ber 17, 1926, when tl! 
Recently I-have recorded' an was Lat. 49° 58’ N 
solute ly similar capture ola fish of the near the center 
me species and about the same size in The manner of 
northwestern part of the Gulf of was as follows: 
a, near the mouth of the NSassan- 
River, in Lat. 4° 28’ N. and Long. 
24’ W. 
lhe New York daily papers ol October 
1926, all carried an item from the Se 4 


York offices of the United States mr 
age ‘ rhe extreme 
teamship Lines concerning a somewhat 2 
ag eae the fish Was SIX Té 

lar capture ol a large fish This was 
right and left direetion 

tained in a wireless message from 


pt A. B. Randall, Ol The Ri publie, 


rting a storm as follows: ** Easterly 


inches, its depth just 


huge dorsal and anal 


; 


inches, and its we ivy 
three davs. Only damage caused by 
ee ‘- * S00 pounds 
S00-pound live fish, unknown species, id 
: must aa tl 
shed aboard by heavy seas over for 
; 7 ; . . Inches cael 0 
d hateh, carrying away part of rail ' ' 
. J : : dorsal ana alla 
lhe rotogravure sections ot the New : . on . 
, : a Inches, | ( nish 
TK papers ol] Sunday. November 7. 
ss * a im . + 2 mechnes deep by ® TeeT 
ntained pictures of the fish, which at 
: men is to be judged 

yiahee Was recognized aS Vola moota, or, 
. grown In cComparisol 
S1t 1S otten ealled. Orthagorise us mola, 
specimens, 


e ocean sunfish al 
: ™ , Ihe 
A letter to the office of the United 
tes Lines brought four’ excellent 
otographs from the Press Aid Depart _f one , 
| and anal fins rhis was taken in 1910 


ent, showing the fish in position as it » « ; , 
off the eoast ot Southern ( 


American Museum possesse 
mounted specimen measuring 10 feet 


leneth by 11 feet vertical over dorsal 


ger, E. W. ‘‘An Extraordinary Capture The mounting of this fis proving ul 
ant Shark, Rhincodon typus.’’ Natural satisfactory, it has been prepared by th 
1923, Vol. 23, pp. 62-63. ‘*‘A Second 

Shark, Rhineodon fypus, Impaled on the x F 

Bulletin. New York handsome specimen of this interesting 


Akeley method and now gives us a very 


a Steamship.’’ : 
il Society, 1927, Vol. 30, pp. 76-77, fig. fish. At the time of its capture this 
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A NEARER VIEW OF 


AS IT CAME TO REST ON THE RAIL OF THI 


specimen was the record fish of its kind 
and was so deseribed by Dr. Bashford 


the 
reproduced as 


photograph of newly 


herein 


Dean.* A 
mounted fish is 
figure 3. 


Recently Mr. Zane the 


known novelist and deep sea angler, has 


Grey, well- 
presented a large mounted specimen of 
Hall of Fishes of 
feet 6 


the sunfish to the new 
the museum. This 
inches in extreme length and is 10 feet 
deep. The dorsal and anal fins are each 
2 feet 9 inches long, and this leaves the 
depth of the body proper 4 feet 4 inches. 
The estimated thickness (right-left diam- 
eter) is 4 The diameter 
of the eve 

Other almost equally large specimens 
Dr. David Starr Jordan 
Record Sunfish.’’ 


1918, Vol. 13, pp. 


measures 7 


feet 6 inches. 


is 3 inehes. 


are on reeord., 


Bash ford. <2 


Journal, 


2 Dean, 
{merican Museum 


een of 
o/0-di 1, 


THE 


STEAMSHIP 


OCEAN SUNFISH 


**REPUBLIC.’’ NOTE THI 


one which was taken in 1893 
Angeles, California. Its le 
given as 8 feet 2 inches ‘‘over : 
its weight as 1,800 pounds. In 1 

B. W. Evermann® examined an 
sured in San Francisco a large sp 
captured about 40 miles off the G 
Gate and south of the Farallones 
was 9 feet long and 7 feet 9 ine!) 

The dorsal fin, which had been mut 


5 inehes long and 25 


saw 


Los 


was 2 feet 
wide, and the anal 
in length. The eye Was 5 inches 
eter. The fishermen 
weight at 2,500 pounds, but Ever 
estimate was 1,800 pounds. 
Another very large specimen 
tured off Santa Catalina Islands 
by Van Campen Heilner. This 
3 Evermann, B. W. ‘‘ Note on an | 
Large Ocean Sunfish.’’ Copeia, 1915 


pp. 17-18. 


measured 21 


estimati 
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CAME ABOARD 1 


and deseribed in 1920.4 It mea steamer—but 
10 feet 11 inehes from tip of 
to tip of tail fin, and 10 feet 9 
es in depth from tip to tip ol dorsal] 
anal fins. This 

eal fish of 
lable. 
However, the record sunfis] 
ely not attested by 


is the most sym 
which measurements ar 


untortu 
any scl ntifie 
is figured and described in Th 
Wide World Magazine 
10, pp. 204-205. 


for December 10, 
The capture of this 
ish bears a not remote resemblances 
t which forms the subject of 


a 
I This 


4 


since it was taken also by a 
ner, Van Camps 


ft an Ocean Sunfis 


’ 


atalina Island, Californi: 
Bulletin New York Zoolo 
i. 33. pp. 126-127, fig. 
indebted to In 

attention to th 


an of a copy 
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py 


follows thie account 
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After much ty, ¢ witl figure shows three large cuts infl 
weamet » Whe Sul , ws the left side of the head of the 
and swung —. ’ 7 
d to the Sugar the blades of the vessel's propel 
just in front of the left gill « 


the con pan! 

weigh two tons four 1unared another in the left side of the « 
measurements were: Length, ten gion, and behind these a huge cut 
et; across the body, six feet; across the body . . 
*  Jower jaw and throat region. H 

ovis was that the propeller blade w 
six inches across; anal fin, three feet six inches; bedded in the thick eartilagin 


and the caudal or tail fin, twenty-two and a material lying just underneath t 


2. ¢ 


and fins, fourteen feet; mouth, eight inches 
} 


orsal fin, four feet high and two feet 


alf shes ong ‘ sho ‘ringe-| _ s ) : ss ] 
half inche long—-a short, fr nge-like tump. and the engine was brought 
The flesh near the mouth, where the propeller 


eut through, was a large mass of whitish car 


standing.’”’ 

The eapture of both these fis! 
doubtedly due to the structure 
The figure of this fish is herewith re- its of Mola. The short, stumpy, 
4 herein), and its size caudal fin is of no service whatev 


tilaginous substance. 


produced (no. 
compared to the height of any of the agent of locomotion. The thick 


| 


bystanders does not seem to have been _ stiff dorsal and anal fins are fat 
exaggerated in the above account. This efficient helps in swimming. 
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EDWARD EMERSON BARNARD 


By Professor ROBERT G. AITKEN 


OBSERVATORY 


NASHVILLI is known as a prosperous his mature years 


mmereial city, as the capital ola great exclusively upon the 
and as one ot the roremost eduea childhood years It 


States. subseribe To This docet? 


onal eenters in the Southern 
1 recov nize 1 


implies to 1 


Founded as ‘‘the advance guard of west 
) civilization’ in the days of the war and bitter as wer 


the revolution, it has had a long and ences, the circumsta 


morable history, with many achieve had a controlling 

ments of which its citizens and all the course ol is lat 
Americans may well be proud. But to Edward Emerson 
just seventy vears 


these claims to recognition are st condary December 16, 1857 

» the fact that Nashville was the birth father, Reuben Barna 
lace and early home of a man whom we man, had died before 
reatly honored and deeply loved and 


Edward Emerson Barnard Hlavwood) Barnard 
burden of providing 


e astronomers of my generation all of 


upon his widow 


It is my privilege, as retiring chair 
two young sons T ( 


man of Section D of the Ame rican Asso 
hone immedtat 


ation for the Advancement of Seience. War, and tl 


tell you something of his life and 


were bitter ones, and 


V4 suffered mah\ 


that you may know why we so il 
him. and to tell vou dren, even 


lso something of the progress of astron help to ear 


fiel | not si 


‘ 


onored and loved very young 


my in America in thos 
€ was most interested and 

wn work helped to make fruitful 

eculiarly appropriate that special trib- at an early age 

ite be paid to Barnard’s memory on this But that does not n 
weasion, for not only was Nashville his cation was ne: 


; 


irthplace, but it was at the first Nas! woman of ch: 
boy owed ! 


lle meeting, in 1877 fitty vears ago to her the 
he became a member of the ments of his education 
tion for his struggles t 


rhe story of Barnard’s early life has hood and youth 


een told many times, but it will not be der the 
imiss to repeat it, at least in outline, for, some vei 
weording to the behaviorist school of tempt to have 
sophy, what a man is and does in was only after 
he had the great 


his mother with | 


ress of the retiring chairman of Seet 


nomy, at the Nashvill Meeting of 
n Association for the Advancement 


December oO. 1927 


for by him, and partie 
until her death in 1884 
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ARD, WITH 
AND PHOTOGRAPH WAS 


rOGRAPH ON 


of Barnard’s early 


be 


One circumstance 


environment should noted particu 


larlv. In those days the stars were still 
visible over the whole night sky to dwell- 

all but the 
were not hidden 


the glare of 


ers in very largest cities; 


thes by sky-serapers 


nor dimmed by are-lights. 


So we find the boy, while still a small 


child, lying out in the open air in an old 


wagon bed, flat upon his back, on pleas- 
ant summer nights, watching the stars. 
Iie made friends with them and learned 
to trace and to recognize their apparent 


configurations long before he knew the 


rut 
rAKEN ON 


APRIL 24, 


MONTHLY 


SWIFT 
CROC! 
APRII 


1892 


name of a star or of a constellat 
long before he had any conceptior 
He 


when they came round each veal 


nature of a star welcomed 
would welcome friends returned 


long absence. ‘*‘Even to this da 
wrote in 1907, ‘‘this same friends! 
the stars still holds The eo 
the Pleiades. of Orion or of the S 
[ hail each vear with the welco: 
friend.’’ 
When 
old, he undertook a task in whic! 
failed. This to 


Barnard was but nu 


boys had Was 
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creat enlarging camera on the roof of 


a photographer’s studio constantly di- 


rected at the sun. Faithfulness and 
patience were the prime requisites for 
this work and these Barnard did not 
lack even as a boy. Indeed, he so fully 
justified the confidence placed in him 
that he continued to work in this studio 
the Van Stavoren Gallery—for seven- 
teen years, gradually becoming thor- 
oughly familiar with every detail of the 
wet-plate photographie process. 
Throughout these vears, while work- 
ing regularly in the daylight hours, 
earning part at first, and later the whole 
of the living for the family, his evening 
hours were given to study, under the 
guidance and inspiration of his mother, 
and to watching the stars. <A_ sober, 
rather sad, life for a boy, one would say, 
but one which formed the best possible 
foundation for his later brilliant work. 
It was inevitable, given such a char- 
acter and such aspirations, that sooner 
or later the way would open To wider 
knowledge of the stars. What we, in 
our ignorance, are pleased to eall chance 
brought it to pass that Mr. J. W. Braid, 
the operator in the Van Stavoren Gal 
lery, who, I am happy to say, still lives 
in Nashville, should find on the street 
the small objective of a broken spy-glass, 
and should be moved to make a paste 
board tube for it, fit an eyepiece at the 
other end of the tube, and let Barnard 
have it for his first telescope. Some- 
what later a stray volume of the works 
of Thomas Dick fell into Barnard’s 
hands, and in this he found his first star 
map and from it learned the names as- 
signed to the stars and constellations he 
already knew so well by his own obser- 
vations. Another home-made telescope, 
with lenses (purchased this time) of 214 
inches aperture, followed; and in 1876 
he bought for $400 a 5-inch telescope, 
equatorially mounted, from John Byrne, 
of New York. What this purchase rep- 
resented in self-denial on the part of the 


boy and of his mother can best 
cated by saying that the cost of t 
scope equalled about two thirds 
whole year’s earnings! 

With a telescope powertul eno 
really useful work, with a zeal for 
vation of the stars that had 
given him a local reputation, ar 
the increasing knowledge gained 
reading and study, he was read) 
the American Association when 
at Nashville, in 1877, and to pr 
the advice he sought from its pres 
Simon Neweomb, as to further st 

The vear 1877 thus brought | 
new stage in his career. He | 
Neweomb’s assurance that tran 
mathematies was essential to his 
ress and in the half dozen vears 
followed, we find him redoublin 
efforts, studying not only mathe? 
but other subjects and, for a time 
engaging a special tutor to assist 
The telescope, too, was kept bus 
with it he laid the foundation 
intimate knowledge of the aspect 
heavens in which he excelled all 
omers of his generation. 

Then, in January, 1881, he n 
Miss Rhoda Calvert, who had co 
Nashville from England with her | 
ers. They were artists who found 
in connection with the studio whe: 
nard was employed. It was a 
and a fortunate marriage, and Mrs 
nard helped him and encouraged | 
his efforts to improve his edueatior 
helped him also in the care of his 
mother. 

Four months later, on May 12 
he found his first comet in thi 
morning sky. He saw it again « 
following night but could not lo 
thereafter, and, as he had not anno 
his discovery, it received no rank 
the formal records of astronom) 
it stimulated his interest, and he | 
to hunt for comets systematicall) 

It is possibly true, aS some 
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omers have rather scornfully said, that age,’’ it was accordingly used as t 
any one can find a comet if he will but payment for a house. Faith, bac 
look long and carefully enough. But hard work, had its due reward, 
that is a large ‘‘if.’’ I reeall that in  Warner’s offer was continued for s 
my first vears at the Lick Observatory, years, and Barnard actually wo 
(. D. Perrine was searching for comets prizes for cometary discoveries 
systematically. Evening after evening for the ‘*Comet House,’’ as it 
he swept the western sky, and morning known here in Nashville and 
after morning the eastern heavens, in astronomers. 
such manner that he covered the entire by the vear 1883 Barnard ha 
night sky at regular intervals. Many a such progress in his studies that | 
night he would come in to the 12-inch prepared to profit by the oppor 
dome where | was at work and borrow” his reputation brought him. | 
the telescope to examine more carefully who believed in him offered him a | 
a suspicious looking object, only to find = ship in Vanderbilt University ry} 
that it was a small nebula or a tiny pend was but $300 a vear and a ho 
cluster of very faint stars. In the’ the campus, near the observatory 
comet-seeker these objects can be dis- was sufficient, thanks to Mrs. Bar 
tinguished from faint comets which lack courage and good management 
tails only because they remain relatively mit him to give up his studio wor 
fixed, whereas the comet moves among’ to devote his entire time to his st 
the stars. It was not until he had given and to work at the observatory, 
many months to such careful serutiny with its 6-inch equatorial telescoy. 
of the skies that Perrine was rewarded put in his care. His name, thet 
by his first discovery and we, who knew appears on the rolls of the universit 
of his careful, intelligent work, knew too student, and also, in 1884-85 as assist 
that he had fully earned the credit that in 1886—87, an instructor in practic 
came from this, and from his later dis-  tronomy. 
COoveries. In 1887, Barnard had complet 
So with Barnard in those earlier days. four-year course in the school of n 
On September 17, 1881, he found another matics at the university, and thou 
comet and this time he sent word of the did not at this time receive a degr 
discovery to Lewis Swift, and through record of cometary discoveries, | 
him to astronomers generally. This servations of Jupiter, his indepe 
comet was therefore carefully observed discovery, in 1883. of the Gegensel 
and is known, in the annals, as Comet that feebly luminous patch of light 
1881 VI. The discovery had important moves across the sky along the ec 
consequences quite other than its bear- keeping always 180° from the sun 
ing upon his reputation as an observer. given him such a reputation as 
Mr. H. H. Warner, of Rochester, New and reliable observer that Directo 
York, had offered a prize of $200 for Holden offered him a_ position o1 


each unexpected comet discovered by an _ staff he was organizing for the Li 


American observer. This prize came to servatory, then nearing completior 
Barnard for the discovery of Comet 1881 Forty years ago, therefore, at 
VI. Mrs. Barnard felt that the money of thirty, Barnard had completed | 
must be used for some definite purpose, prenticeship and was ready to 


+} 


and with her encouragement, and faith upon his career as a professional as 
that later payments would be met omer. As equipment for that ca 
‘‘somehow,’’ and that they would ‘‘man- brought an alert mind and a n 
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combination which 
to eall 
a body inured to hardships, a 


louslvy keen eyve—a 


produces what I like the *‘see- 
ing’’ eve 
thorough mastery of photographic proce- 
what had 


intimate 


sound knowledge of 


€#SSCS, a 


been done in astronomy, an 


knowledge of the visible heavens, and, 
what was most important of all, an en- 
thusiasm for observing that amounted to 
a passion. Speaking of this character- 
istic, Professor Frost writes, ‘‘To him, a 
night at the great telescope was almost 
a rite—-a sacred opportunity for a search 


places — And 
with the 40- 


for truth in celestial 


what was true of his work 


inch Yerkes telescope was equally true 
of all 

The outward aspects of his later ea 
for, in the 


his observational work. 


reer need not long detain us, 
main, his life was the life of all astro- 
nomical observers; nights devoted to 
work in the domes, days given to de- 
examination of 


and photo- 


velopment 


graphs, and to computations and the 


preparation of papers; with now and 
again a relatively short absence on an 
eclipse expedition or a trip to England; 
observing, 


enforeed interruptions to 


while waiting, in 1887-88, for the com- 
pletion of the Lick Observatory, in 1895 
%6 for the completion of the Yerkes Ob- 
servatory ; and one trying year, in 1914, 
when, under the doctor’s orders, he had 
to give up work. It is worth while em- 
phasizing, however, that rarely if ever, 
has an astronomer given such passionate 
work as 


devotion to his observational 


Barnard gave; a devotion that endured 
to the date of his last observation 
the 40-inch on the night of December 21, 
1922, before his 
death. 
need for sleep eould keep him from the 


with 


than two months 


Not cold, nor bodily fatigue, nor 


less 


telescope while the stars were shining 


It is the record he made as an observer 
that now coneerns us—and what an ex- 
traordinary record it is!*? Most of us 
Nashvil'e, 
upon the 


delivered at 
projected 


2In the address, as 


forty lantern slides were 
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we study the planets 
doub 


Barnard’s spe 


specialize : 


sun, or variable stars, or 
or the nebulae. 
elsewhere. 
the 


observation of 


| have said may be 


have been visual or photos 


every description 
ject known in the heavens! 
At the Lick Observatory, hie 


assigned to work with th 


first 
refractor, the comet seeker and t] 
Natw 


comets, 


photographie telescopes 
kept up his search for 
tradition at the observatory is t] 


was not an instrument on the pla 
the 


Barnard had not 


cept meridian circle) wit! 
found a comet 
an unexpected object, or one wl 
turn had been predicted. One of 
that of 


1892, 


discoveries (Comet ls ! 
on October 12. the 
photography. In a ser 


was 
first 
found by 
was an accidental discovery, 
plate had been exposed, not to | 
comets, but to photograph the reg 


the Milky Way Altair. T! 


covery, however, bears testimony) 


hear 


nard’s care in developing and exan 
his plates promptly, and to his al 
in at once recognizing the natur 
object. 


Another discovery noting 


worth 
is that of a small, round, nebulous 
ing comet on September 2. 1888 

an object, as I have said, can be 

guished from a nebula only by its n 
among the stars. Barnard could: 
tect 
time he 


motion in this object duru 


held it 


but, as he 


under observatk 


night, wrote later, 


thorough knowledge of that reqio 


sky, he had no hesitation in anno 


it as a comet! 
Far more interesting and im} 
Professor Bart 


sereen, to illustrate 


The plates accompanying this artic! 
his negatives. I acknowledge, 
kindness of Director Frost, 
servatory, in permitting me 


photograph of the Milky W 
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however, were the photographic studies 
of comets, and of the rapid changes that 
take place in the form and structure of 
the tails of comets, which Barnard in- 
itiated with the Crocker telescope of the 
Lick Observatory and continued later at 
the Yerkes Observatory, as opportunity 
offered. In this field, as in the field of 
Milky Way photography, Barnard was 
a pioneer, and the many hundreds of 
photographs of comets which he secured 
more than 1,400 at Yerkes alone) still 
offer a rich material for detailed studies. 
His photographs of Swift’s Comet of 
1892, and especially of Brooks’ Comet of 
1893, revealed for the first time the re 
markable motions and changes in the tail 
OL a comet produced by the stimulating 
and repulsive forces directed upon it by 
the Sun when the comet is near its peri- 
helion point. 

The Milky Way had always fascinated 
Barnard, and he undertook a systematic 
photographie exploration of it with the 
Crocker telescope at Mount Hamilton as 
soon as that instrument was ready. 
These photographs revealed for the first 
time the marvellous richness of the star 
clouds of the Milky Way and _ their 
complicated structure. Later, with the 
more powerful portrait-lens doublet 
telescopes provided at the Yerkes Ob 
servatory through the generosity of Miss 
Catherine Wolfe Bruee, he continued 
these studies to better advantage. He 
also transported the Bruce telescope to 
Mount Wilson, in 1905, to photograph 
from that favored location the more 
southerly portions of the Milky Way 
that could not be seen well, if at all, 
from Williams Bay. 

His earlier work at Mount Hamilton 
on the Milky Way and on comets has 
been published as Volume XI of the 
Publications of the Lick Observatory, 
and at this very time the Yerkes Ob- 
servatory is distributing the ‘*Photo- 
graphic Atlas of Selected Regions of the 
Milky Way,’’ whose publication has been 
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made possible by a grant fron 


negie Institution and by the s 


devotion of Mrs. Barnard’s ni 


Mary Calvert, and of Director 


Professor Barnard himself pass: 


every plate included in the ea. 
ume, and not only made the 


negatives for the fifty-one phot 


included in the later work, but 
ally Inspected and selected 
of the 35,700 prints for the e 


O00 copes, 


This is not the oceasion for a 


review of either of these books 


deed. it is necessary to exal 


plates and prints themselves on 


with the aid of the notes added | 


nard himself and by his editors 


preciate fully the beauty of thes 


graphs and their significance 
will be sufficient to direct att 
one or two features 

Every photograph shows 


crowded field of faint. stars 


vives the effect of star clouds: 


distribution of the stars is 


form and in many places 


great areas of true nebulosity 


are also innumerable dark lar 


what appear to be ‘‘holes”’ 
clouds, and these dark marking 
ticular attracted Barnard’s 

It is clear that at first he took 


their surface value and reearde 


tT} 


} 


as vacant spaces. As time went 


he considered the question n 









fully, studying minutely the det 


vealed on the ever-growing nun 


his photographs, his views g¢ 


changed and he became convin 


here we have to deal. not witli 


regions, but with vast accumulat 
matter that absorbs or oceludes lit 
interpretation which was offered 


C. Ranyard as early as 1894 


of course, the view that is held 
tronomers generally at the prese1 


and that it is correct will be 


vious to any one who studies 


; 
i 


I 
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the large scale photographs taken with 


the powerful reflectors now availabl 
and, 1h particular, those taken in recent 
vears with the 60-inch and 100-inch r 

flectors on Mount Wilson In many mn 
stances one is driven to the conclusion 
that light from the more distant objects 
in or near the galactic plane is ob 


structed by dark nebulous matter; In 


many others it is clear that the strueture 
of the nebula is the same whether it 
shines or is revealed merely by contrast 
with its luminous background. To bor 
row Bessel’s remark about the stars, the 
power to emit light, we believe, is not a 
necessary attribute of a gaseous nebula ; 
indeed, this power, it is probable, does 
not originate in the nebula at all, but 
in the white hot stars enmeshed within 
it. Where these are lacking, the nebula 
does not shine 

Barnard himself called attention to 
the similarity in structure between lum! 
nous and dark nebulae, and his work 
did much to extend our knowledge of 
objects of the latter category, especially 
in the Milky Way In fact his catalogue 
of these objects is, | think, the most ex 
tensive one we have. 

[ have dwelt first upon Barnard’s 
work in comet discovery and in the pho 
tography of comets andygof the Milky 
Way, because these lines of activity are 
most closely associated with his appren 
tice work in his early days at Nashville 
But I believe. with Professor Frost that. 
devoted as Barnard was to work of this 
kind, and successful as he became in it, 
his great love was for visual observation 
with the powerful refractors that he had 
the privilege of using. Te was first and 
foremost a keen-eved observer This 
was foreshadowed by his cometary dis 
coveries at Nashville and his indepen- 
dent discovery of the Gegenschein, but 
was dramatically revealed to the astro- 
nomical world by his diseovery of the 
fifth satellite of Jupiter with the 36- 
inch Lick refractor on September 9, 


1892. 


Jupite 


from a \ 


r had 


eryv Ca 
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engaged 


rly date, 


7 


first contributions to 


of the Astronomical 


cific’ wa 


Sa pal 


vr on 


tions ot the planet 


SCOpPes he LIse'¢ 


] 


tT 
al 


the 12-inch telescope 


At first, 


the staff 


the larger telese 


nity did 


natura 


he , 
le ili 


Come, he 


the 


Socreyrly 


hi 


s 


llv, as ji 


if ho 


pe 


study Jupiter, then 


servation 


Ile 


face with keen 


skv in it 


pport 


When 1 


\\ 


studied 


attent 


S immediate 


promptly 


ell pli 


VIell 


definite purpose of ascertai 


anv sate 
first seen 


Kriday 


llites besides 


+} 
tiie 


by Galileo CXISTe¢ 


night, 


| 


saw a tiny point ol 


SO fai 
be throw 


permit 1 


it that 
hn out 


t to he 


September 


the planet 
ot the 


seen 


true character at on 


Ce 


field 


he su 


but 


1Cer 


fe) 


<< 


communicating his suspicions 


to his 


rood friend. 


Profs 


‘SNOT 


Burnham, then at ( hicago, he sa 


ing about it until he 


object again on the 


was able 


following 1 


to measure its motion outward to 


tion and 


long series of measures in the ft 


back 


towar 


the 


plat 


; 


months and years established t} 


of the satellite with 


the other orbital 
out the 


motion of the line of apsides of 


brought 


high accura 


elements 


as WW 


extraordinarily 


+} 


produced by the perturbations 


the tins body was subject 


This was but 


the most 


visual observations and measures 


planets 
Another 


one, 


brilliant of 


though, no 


and satellites 


striking 


the re 


ol 


‘SULITS 


our 


observation, 


ample, was that of the eclipse of 


the eighth sate 


‘llite 


ot 


Sat 


urn, 


ring system of the planet in No 
the satellite thro 


Isso. H 


so-called 


e saw 


crepe 


ring, 


thus 


esta! 
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the fact that this ring is really trans- 
parent, and supporting Clerk Max- 
well’s famous conclusion that the rings 


consist of a swarm of innumerable tins 
particles. 

During the later vears of his residence 
on Mount Hamilton, he carried out with 
the 
micrometrical measures of the diameters 


36-inch telescope a long series of 
of planets and of satellites and of a few 
of the larger minor planets. The great 
accuracy and completeness of these mea 
sures gave them high value and to this 
day they set a standards for work of this 
character 

Hlis long series of accurate measures 
of comet positions also demand mention. 
Ile was accustomed to follow any comet 
that he observed just as-long as he could 
possibly see it with the 36-inch or 40- 
and his measures, in 


inch refractor, 


many instances, continued long after 
every other observer had abandoned the 
object as too faint to measure. 


His 


were by no 


visual observations, moreover, 


confined to bodies 
Double 


star clusters and 


means 


in the solar System. stars, 


variable stars, novae, 


the nebulae all claimed his attention. 
Certain double stars he followed more 
systematically than did any other ob- 


server, and in the vears covered by his 
observations it would suffice to depend 
upon his measures alone, discarding all 
cite Krueger 60, as a 
for | 
orbit of this interesting binary 
I utilized all 
Bar- 


others. I may 


striking example, computed the 
system 
only a few years ago. 
available measures, of course, but 
nard’s measures from 1900 to 1921 were 
so numerous and so consistent that they 
practically determined the observationa! 
eurve for this period. 
Barnard’s skill as a visual observer 
was also demonstrated by his determina- 
tion of the parallax of Krueger 60, for 
his value, derived from micrometer mea- 
sures, agrees with the best modern photo- 
graphic results well within their prob- 


able error. 
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It would unduly prolong n 
were | to refer to all of Barna) 
esting observations and disco. 
least two 


I must include at 


first being his measures of th: 
ing nebulous ring, or shell s 

Nova Aquilae, No, 3, the re 
brilliant 1 


SLici¢ 


new which 
the night of 
} 


and which was independently ¢ 


star 
peared on June 


by many watchful observers 


himself being one of them 
sures of the nebulous envelop 
that it 
fully 


Ilamilton with the 


was expanding, a tact wl 

confirmed by measures 

36-inch refr 
observatio 


Hubbl 


graphic investigations in the pres 


by spectrographic 
has been shown by 
still to continue, at a practically 
the 


measured 


angular rate, though nebul 
is now too faint to be 

The other discovery that must 
ferred to is that of the 


way’’ star that will always be ki 


famous 


‘*Barnard’s Star.’’ for aside 


intrinsic interest, it gives a hint 


discoveries that may still be mad 
course of the thorough exami 
his great store of negatives that is 
in progress at the Yerkes Obser 


Incidentally, too, it illustrates o1 
vreat satisfactions that we find 
ful 


visual or 


observations, 
The n ‘ 


or the photographs, may be m 


astronomical 


photographie 


one particular object in view; | 
decades. or centuries later they 
further 


which the 


utilized to our know 


ways ot observer 





dreamed. 


Barnard himself was so abs 
the work of actual observation. 
the eve end of the great 36-inel 
inch refraetors, or with the Cros 
Bruce photographie telescopes, 
was not able to give his phot 
exhaustive study 
little in 


of measurement of photographi 


plates any 
he did comparatively 
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and it is doubtless true, as Professor 
Frost says, that he regarded his plates 
more as pictures of the heavens than as 
material for detailed measures. Occa 
sionally, however, he did compare two 
plates of the same region, taken at dit 
ferent times. under the comparator, and 
such a comparison of a plate taken in 
August, 1897, with the Willard lens at 
Mount Hamilton, with one taken with 
the Bruce telescope at Williams Bay in 
May, 1916, revealed a faint star in 
Ophiuchus, having an annual proper 
motion of 10°.3, the largest known, even 
to-day. Such remarkable motion—rapid 
enough to produce in a single month a 
displacement measurable with our great 
modern telescopes led at once to the 
inference that this star is one of our 
nearest neighbors, and investigations 
proved, as a fact, that its parallax is 
0”.538, making the star second only to 
the system of Alpha Centauri in point 
of proximity to the sun. It is therefore 
intrinsically faint, though not nearly so 
faint as the third nearest star, Wolf 359, 
which van Maanen’s recent measures 
have proved to be by far the faintest of 
all known stars. 

This rapid survey of Barnard’s ob 
servational work is necessarily impres- 
sionistic and incomplete, but it is suff 
cient to indicate the extraordinary range 
of his interests and his amazing indus 
try, as well as his ability to plan his r 
searches wisely and his alertness of mind 
in detecting the significance of any phe 
nomenon he observed, whether it were a 
point of light near Jupiter, a faint and 
hazy trail on a photographie plate, or 
a halo about a bright star. 

It must be kept in mind that Barnard 


served his astronomical apprenticeship in 


the days when the new astronomy, as it 
has often been called, was in the very 
infaney. Even in 1887, when he went 
to the Lick Observatory, this statement 
would hold. The parallaxes of very 


few stars had been measured 
but only vers little. was kn 
the spectra of the stars: a fev 
not very suecessful, had beer 
measure, visually, the radial 
stars: a beginning, but 
ning, had been made in. ast 
photography, and practicall 
was known of the stars as 
Barnard’s training did not 
engage successfully in spect 
servation and research, but 
him to become one of the e¢ 
in astronomical photograph: 
tographs of comets have ne\ 
celled; his photographs of 
Way structure are surpassed 
only by the large scale plates t 
the great modern reflectors; 
eraphs ot planets of Mars i 
were equal to the best that 
made up to the time of his «cd 
It was but natural. howeve) 
should find his greatest satisf: 
direct visual observations and 
with the powerful refractors 
his command, for he was first 
most an observer. He had tl 
eve. This is shown by his astr 
work, but was also evident fro 
light in the observation ol 
birds and trees. In other cirew 
he would have won renow! 
uralist. 
Membership in the National 
of Sciences, and in many othe 
of the highest standing at lh 


abroad, honorary degrees fron 


A 


and universities: medal awards | 


emies and societies in France 
eland and in America, all attest t 
spread regard and respect for 
and for his work. Barnard, th: 
astronomical observer of his ge) 
was honored throughout the 
world; Barnard, the modest, 
minded, unselfish, kindly man, w 
by every one who knew him 
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E SCIENTIFIC WORK OF THE SECRETARY OF THE SMITHSONIAN 
INSTITUTION 
distinguished line of succession the extrem 
secretarvship of the Smithsonian 14.500 feet 
tion—Joseph Henry, Spencer F found betwee) 
S. P. Langley and Charles D. and Mt. Whitn 
has been continued by the sidered witl Wa 
n of Dr. Charles Greeley Abbot, at from se 
is been acting secretary since th 
of Dr. Waleott a vear ago and 
en identified with the work of the 
tion for thirty-three vears e of the observe 
Abbot was born on a New Hamp r. Abbot no 
arm, In 1872, and graduated from test. Apparent 
Massachusetts Institute of Tech 
y, Where he worked especially wit! 
ssor A. A. Noves In 1895 he went 
Smithsonian as assistant Pro 
ssor S. P. Langley in the Astrophys There in 1917] 
Observatory Langley was at that leagues measures 
trving to plot the Fraunhofer lines Abbot took observat 
the invisible infra-red spectrum, with the two stations 
iid of his bolometer, but instruments strengthen 
not vet delicate enough Dr. Ab served variation 
t mproved the setting of the bolom by local atmosphe 
ind the bolometer itself. Ile elimi In 1913 and 1914 
very largely the effect of earti \ made to prov 
ng and trembling and temperature to eliminate atmosphet 
‘ts. The resultant plotting of th sound, Special record 
nfra-red spectrum is the classic work Were construct 
the subject tensity of the radiat 
In 1902 Professor Langlev and Dr highest altitudes 
Abbot began their work on the intensity by sounding balloons 
the radiation of the sun. Until 1907 instruments were set 
Dr. Abbot made solar constant measure Island, California 
ts at the Smithsonian Institution in and all had readabl 
Washington. With the establishment of about 14,000 meters 


{ arnegie Observatory on Mt Wilson were Improved and 1 


1905, its director. Professor George E. were sent up Trom Omathi 
invited the Smithsonian to send 15 miles above the eat 
ers to measure the solar constant was recovered with ree 

sults which again su 


1907 and 1910, while colleagues ob ness of Smithsonian measurement 
on Mt. Wilson, Dr. Abbot made By 1926 proof of var on Was reac 


te 


ead 


solar constant observations on The essence of this final proof lies i 
97g 
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al. The resulting curves followed 
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1918, Dr 
r Knoche, 
nt station near Calama, Chile, 
ed instruments made at the 
the « trained 


Vs 
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advice of 


Abbot by 


selected a site for a per 


ana 
nist 


under ‘are of ob 


rs for the work Funds were fur 


ad to remove this station to Mt 


RESEARCH IN PHYSICS 
public a 


NIVERSITY has made 


research work be he con 


the Sloane Physies Labora 


which gives an interesting surve\ 
single institution In a 


the work of a 
iwle science. 

MeKeehan, a 
Labora 


W 


Sloane 


Professor Louis 
of the 
is continuing during his first ve 
the 


TH 


ector Phy SICS 


tory, ‘ar 


at Yale 


metal 


his work on ‘shape’’ of 


atoms, on which SCIENTIFI 
Montuiy has had the privilege of print 


The 


effect Professor MeKeehan Is now study 


ng an article by him particular 


is the change electrical condue 


ne 


In 
tivity due to elastic pull in fine wires 
direction 
are working on related problems. An 

of information 


about atoms in solids is found in study 


Graduate students under his 


other possible source 


g their arrangement by x-ray methods 
M. Kirkpatrick, who holds a Ster 


fellowship, and several graduate 


ients working on researches in 


are 
prin 


h X-rays and erystals are of 


Importance, 

Is continu 
ol 
thoron 


Kovarik 
the e¢ 


radon 


‘rofessor Alois KF 


his study of mdensation 


active and 
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old surfaces, begun at Cambridge 


rsity two vears ago Besides this i 


of alpha-ray straggling and an 
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FROM IS01 UNTIL HIS DEATH PROFESSOR OF PSYCHOLOGY IN CORNFI! 
REPRESENTED THE BEST TRADITIONS OF THE ENGLISH AND GERMAN UNIV! 
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chemical evidence alone This 
nd other spectroscopic problems 
rected by Professor Horace S 
Dr. Lee Kinsey, who holds 
i] Research Council fellowship in 
s is also working with Professor 
on optical problems, particularly 
reemission of light from meta 
s under intense illumination 
fessor John Zel ny has Just con 
i experiments on the striated elee 
lischarges In gases. At moderately 
ressures and under certain ranges 
pplied voltage the passa ye of the 
tric current through a gas in 


‘aight glass tube is rendered vi 
ppearance at regular intervals along 
tube of transverse lavers of lumi 
ty separated nearly by dark res 
Frank L. Cooper has also been 


¢ potential differences 


Py oj leetric ¢ “Pe ’ 
irying an electric current eae we 


spontaneous potential gradient 1 . ia ones 


tmosphere of such a kind hat a small Jose ph ke 


sitive current is almost always flow 
ng down from inaccessible heights to 
the earth’s surface The atmospheric 
wtential gradient has sudden fi 

tions of such magnitude that it may discovered 
ven change sign. and these changes, 1! vork on 

nough of them can be correlated wit! was done 
‘hanges in local, terrestrial or solar con Klizabet! 


LOTS, should rive a clue as TO the lege. “as 


rigin of the potential vradient tory 


MUSIC FROM THE ETHER 


PROFESSOR LEON THEREMIN, of the wonderful 
Institute for Applied Physies at cent vears 
ngrad, is exhibiting in the United music. It is ; irce of sound 
s his remarkable apparatus and medium of transmission or reprod 
ds of producing music by manipu It has in it, therefore, possibilit 
vy electric waves. According to an the gramophone and wireless broa 
e printed in the London Times, ing can not elain 
an exhibition was given in the Oliver Lodge point 
rt Hall, London, in December, the lously new thing, but a developm 
ratus may fairly claim to be a new — principles which are already understood 


al instrument. unlike the other and utilized in wireless 





THE SCLENTIFIC MONTHLY 








PROFESSOR THEREMIN 
WITH HIS NEW MUSICAL INSTRUMENT. ON THE RIGHT IS SiR OLIVER LODGE, THI 
PHYSICIST, AND IN THE CENTER SIR HENRY WoOoD, THE DISTINGUISHED MUSICIA) 


It is known that the frequency of a In Professor Theremin’s apparat 


thermionic valve oscillator can be varied musical beats caused by two hig 


by moving the position of an earthed quency oscillations of neighboring 


conductor in the vicinity of the set. quencies are controlled by this 
Broadeast listeners are familiar with the capacity effect, the piteh being inc: 
howl which proceeds from a loud speaker when the operator’s right hand is 
of a set adjusted with too strong reac- to approach a vertical metal ro 
tion. In such a case the frequency of nected to one of the oscillating 

the note emitted by the loud-speaker is The fact that the note increases i 
equal to the difference in the frequencies as the hand nears the rod seems t 
of the transmitting station and the the explanation of the way in w 
locally venerated oscillations in the re- oscillators are so easily controll 
ceiver. In badly designed sets this was discovered some vears age 
howl can be made to vary in pitch by two high-frequency oscillators ¢ 
moving the hand in the vicinity of the locked or synchronized so as to 
tuning condenser. Since the human _ tain identical frequencies and s 
body is earthed the hand acts like a_ no beat notes. Professor Theren 
condenser plate, so that moving it is pears to start with his oscillators 
equivalent to changing the tuning con- condition, for 
produced by his apparatus unt 


there is no audib 


denser. 
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ind reaches a certain critical dis 
from the rod. When this critical 
e is reached the two oscillators 
step, as it were, and a beat note 
luced which increases in frequency 
hand is pushed nearer the rod and 
vo sets put farther out of tune 
control of the loudness of the 
d note is also earried out by 
ir hand-capacity effect, but here the 
eation of oscillating valve principles 
so clear. There are various ways 
whieh it could be done, the most sim 


being an alteration of phase between 


wo component oscillations of approx! 


ely the same amplitude. When the 
oscillations were in-phase a loud note 
would be produced, and when they were 
out phase silence would result 
Professor Theremin thus describes his 
ods: 
using en alternating current 


juency tones of varying pite 


ible. A small vertical ro 


THE SCHOOL SERVICE BUILDING OF THE AMERICAN MUSEUM OF 
NATURAL HISTORY 
THe American Museum of Natural girl in the city the advantages suel 
History dedicated on the evening of institution affords 
January 17 the School Service building, The tribute to the late Superintend 
four-story addition to the museum, in’ Maxwell was the central feature 
+h the educational program will be evening’s program 
‘conducted in the future. About 400 presentation in wh 
educators and public men witnessed the Mr. Maxwell as 


ledication and the unveiling of a me- and inspired teacher of teachers 
morial statue of William Henry Max- Greene, president of the William 
New York City superintendent of Maxwell Association, offered th 
schools from 1898 to 19138. to the museum 
The transfer of the School Service All the lights were put out 
ding, as a gift of the city to the mu-_ the darkness a curtain which had v 
was made by Walter R. Herrick, the statue, standing against the rear wal 
dent of the park board, represent- of the hall, was drawn aside. Ther 
ng Mayor Walker. In accepting it for lights were thrown on the statue, reveal 
museum, President Henry F. Osborn ing an impressive, seated figure of Max 
that in no other city in the world well of heroic size, cast in green bron 
there any building comparable to He is represented sitting in flowing 
new school. He said the trustees demical robes, on a massive throne 
fficers would do everything they ‘‘Although he did not teach, he 


| to give every school boy and school the parts of a teacher,’’ said Dr 
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ed eaTtiol 
lite work « 
od teachers w 
terror to oft! 


an admin str 
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Was, [it 


compas 


Hhelpoy 
Schoo 


‘AaKECTS We 


nited States comm 
who spoke ol . \luse 1S 


\ssets’ , Dr W liam 


superintendent ol Vew York 


schools. who discussed i M t 


itv Schools.’’ and Georg responsi 


herwood. director oT the itl 1] with 1! 


ve a lecture with motion | ures part of 
American Museum’ an importal 


work beca 
Visitors Inspected the new buildine ; brought tl 
Ne ft the | rovram It CONSISTS OT the Teac 


ment and four floors. 160 Peet by derstal aing of 


THE PHILADELPHIA COLLEGE OF PHARMACY AND SCIENCE 


ADELPHIA’s latest addition to the locations in West P| 


TO The 


S many institutions ol! learning, the venient 


lding for the Philadelphia Col numerous 


Pharmacy and Science, has been a square 0 


itself occuptle 


eted and was occupied the first 

n January. portion of the 

new college building is located at lege, and on 

third Street and Kingsessing Ave- park. This par! 
ot far from the University of — tiful setting for 
Vania, and presents many un n addition off 
eatures not to be found in other facilities for the st 
onal struetures The architectura 


] | Thre 


te is in one of the most charming is colonial of 
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constructed of reinforeed concrete, faced 
with dark red brick laid in Flemish bond 
and trimmed with buff Indiana _ lime- 
stone. On the Kingsessing Avenue, or 
main front, the strueture is three stories 
in height, while on the Forty-third 
Street side. the building is four stories 
high. On all four sides, unobstructed 
daylight for the class rooms and labora 
tories is always assured. 

The main entrance is characterized by 
the use of a triple arched doorway 
formed with columns and pilasters, sup- 
porting a massive pediment on which is 
earved the college seal. Entrance gates 
of hand forged iron are used, orna- 
mented with disks symbolic of the 
various branches of instruction—phar- 
macy, botany, science, chemistry, litera- 
ture and mathematics. The walls of the 
vestibule and lobby are faced with lime- 
stone and marble, and the floors are 
Terraza and rubberstone tile. The main 
stairs are of marble, supported on metal 
risers. <All the interior walls of the 
corridors and passageways are finished 
with a traventine wall treatment. 

One of the unusual features of the 
building is that it is built entirely above 
ground, with no basement rooms. By 
reason of the angular form of the strue- 


ture, it was possible to provide daylight 


in every room without resorting to light 
courts or light wells. 
Throughout the building special con- 





sideration has been given to the 


of accoustiecs The ceilings of t! 


tories. class rooms 


and reeitat 


are covered with one half ine! 


sulite wall board. 


This mate) 


installed during the period oL 


tion by putting it on the woo 


before the conerete was poured 


result. excess reverberation | 


eliminated, making it possibli 
the laboratories for lecture p 


Sound transmission between ro 


been removed by the use of til 


omission of communieating doo: 


} 


further put a stop to any noises 


would affect classes. the eorrid 


been faced with a soft flooring 


which excludes any noises mack 


movement of bodies of students 


in the corridors. 


To provide facilities for an 


of twelve hundred 


duly enlarging the building, an a 


students wit! 


ment has been developed where! 
and the gyn 
are grouped together. These tl 


large lecture halls 


ture halls, seating 


with their tiered se 


three hundre 
ats, face in 


lar fashion the floor of the gyn 
and by an arrangement of mec! 


operated eurtains, 


the halls 


thrown into one large hall. for 


amphitheater type of auditoriun 


man Hulme, R.A.. 
the architect. 


of Philadelp! 


al 


? 





